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ABSTRACT

Directivity patterns at 3.17 MHz and 5.1 MHz are calculated for
the HF antenna array at the high power HF heating facility at the
Arecibo Observatory in Puerto Rico. The pattern was calculated using
pattern multiplication and method of moment techniques. The
calculated pattern is shown to be a good approximation to an
experimentally measured pattern in one plane of the array. A simple
model was used to approximate the effect of the pattern on the
frequency response of ELF/VLF signals generated by the HF heating.
The frequency response was determined at two ELF/VLF receiver sites.
Results show that ELF/VLF generated by side lobes of the HF pattern
have sufficient strength to create a ELF/VLF interference pattern at

receiving locations.




EFFECT OF HF HEATING ARRAY DIRECTIVITY PATTERN ON THE

FREQUENCY RESPONSE OF GENERATED ELF/VLF

INTRODUCTION
ELF/VLF generation experiments were conducted at the Arecibo
Observatory (A.0.) in Puerto Rico. The HF heating faciltiy for A.O.
is located at 18° 29' N and 669 40' W geographic latitude and
longitude respecti;ely. The ELF/VLF receiving site was located 7.7 km

from the heating facility and 2380 to the east.
1

The motion of the ionospheric plasma, in the presence of the
earth's magnetic field, causes natural ionospheric currents to flow.
By changing the conductivity of a small portion of the ionosphere, the
natural currents within that portion can be modulated. Modulating the
currents in the ELF/VLF range causes a ELF/VLF signal to be radiated
by the ionosphere.

The conductivity in the ionosphere is deperdent upon the electron
collision frequency, which is in turn dependent upon the electron
temperature. An HF electromagnetic wave is absorbed by the ionosphere.
The EM wave adds kinetic energy to the electrons, which in effect
increases the electron temperature. Thus, by modulating the HF
transmission at a ELF/VLF rate, the ionospheric conductivities will be
modulated at the same rate, and a ELF/VLF signal will be radiated from
the ionosphere.

The antenna, radiating the HF signal heating the ionosphere, has
a pattern consisting of a main beam, side lobes, and possibly grating
lobes. Heating occurs where each of these penetrates the ionosphere.

By determining the pattern of the HF antenna, the spatial distribution




2
of the heating in the ionosphere can be determined. Thus, the
location in the ionosphere and the intensity of each of the ELF/VLF
radiating scurces can be determined. From this the characteristics of
the ELF/VLF radiation from the ionosphere can be calculated.

This section will describe the calculation of an approximation to
the Arecibo HF heating array directive gain pattern and apply the
results to find a zero order approximation to an ELF/VLF radiating
array. The technique employed to calculate the HF array pattern is
one which uses the combination of pattern multiplication techniques
and computer numerical analysis. The numerical program used was the
Antenna Modeling Program (aMP){1),  The amp output was then used with
analytical equations in a program written at the Ionosphere Research
Lab;ratory at Penn State University to carry out the pattern

multiplication.

PATTERN MULTIPLICATION THEORY

The pattern multiplication technique is based upon the
calculation of the total pattern of an array by taking the product of
an array factor (AF) with the elemental pattera. The array is made up
of identical elements. The elemental pattern is the pattern of an
individual element of the array. The AF is obtained by replacing each
of the elements of the array with an isotropic radiator and
calculating the pattern for the array of isotropic radiators. A
detailed discussion of pattern multiplication can be found in
reference (2). A description of the theory used in this analysis

follows.




For example, assume ther. are an even number "N" of colinear

isotropic radiators separated by a distance "d" as shown in figure
(1-1). The far field, at a point "P", due to the nth radiator, is
proportional to a complex current amplitude, I,, a phase factor,
e'jBRn, and is inversely proportional to the distance from the

radiator to '"P", equation (1-1).
Eqa Iple”33Ra/ (41Ry)] (1-1)

The far field approximation states that "P'" is far enough away
that "R," can be assumed to be parallel to "R", and the length of "Rp"
is approximately equal to "R". Under these conditions the

approximations in equation (1-2) can be made.

1/R = 1/Rqy (1-2a)
Rp ® (2} -1)(d/2) cosa+ R ; n <0 (1-2b)
Rp ® R - (2t ~1)(d/2) cosa ; n >0 (1-2¢)

While the small difference in length of "R," can be neglected in the
"I/Rn" term, these differences can have a significant effect on the
phase term, e~iBRq, incorporating the far field approximation
equation (1-2) with equation (l-1), the total field at "P" can be

expressed (1-3).

-1 N/2 -1
E = Z Eqp + 2. Eq = [ E In e—JBl(2 m -1)(d/2)cos a +R]
n=¢N/2) n=l n=(-N/2)
N2
+ Y 14e”iB{R=(2 | -1)(d/2)cos @ I][1/(amR)] (1-3)
n=]

Assume that "I," is equal to a comstant "I," and collect all the like

terms. Equation (1-3) reduces to equation (1-4).




Figure 1-1

N colinear isotropic radiators




-1 N/2
E = (I5/47R) e~JBR[ 2. e-iva s Y eivn]
n=(-N/2) n=1 (1-4)

Yu = 8(2 lnl ~1)(d/2)cos a
The first term is a constant for a fixed value of "R". The
second term is dependent on alpha. It defines the antenna pattern and

is the AF. The AF is given in equation (1-5).

N-1 . N/2
AF = 3 e”ivn + 3 e”ivm (1-5)
n=(-N/2) n=]

Noting that y., is equal to Y,, equation (1-5) can be simplified to

equation (1-6).

N2 , N/2 N/2
AF = )~ (edYn + e=i¥n) =23 cos vy, = 2, cos[B(2n-1)(d/2)cos a]
n=]l n=1 n=l

(1-6)

Since the 2 in equation (1-6) is a constant, it may be dropped from
the array factor. Tn addition, in equation (1-6) 2n~1 can be replaced

with n, and the result simplified to equation (1-7).

n-1
AF = 2: cos{np(d/2)cos a] (1-7)
n=l,3,5...

Equation (1-7) is the array factor for a colinear array of an even
number of N isotropic radiators with equal current amplitudes. The
angle & is measured from the line of the array to the observation

point.




ANTENNA MODELING PROGRAM (AMP) THEORY
The Antenna Modeling Program (AMP) was used to analyze the array
element. This program was developed by MBA/Information Systems.(l)
The computer program applies the method of moments to the thin wire
approximation of the integral equation for the electric field due to a

volume current distribution, equation (1-8).(1)
E(Y,) = _[/:ﬁ.uo wJ—(?)'(G=(r—,F°)dV (1-8)
v

§(F,Ty) = -(1/4m[T+(1/x2)vV]g

g = (e~ik FT | / [F-Fol )
k = wlugse, , I = unit 274 rank temsor

[T-T,l = distance measured from wire axis (source point)
to observation point on the surface.

The thin wire approximation requires that the diameter of the
wire be small compared with the wavelength. Thus azimuthel current
flow around the wire can be neglected and the volume integral in

equation (1~8) can be changed to a line integral, equation (1-9). (1)

=55 EL(Ty) = (miwng/am) _L/I(s)[s-ao-(l/kz) (32/3838,1g(F,Ty)ds

(1-9)

L}

= ynit tangent at source point
8, = unit tangent at observation point

(na2J)2na

()
[}

wire radius

[
L}
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Included in equation (1-9) is also the boundary condition for a metal
surface, equation (1-10).

Elian * ESpan = O (1-10)

Elcan = Tangential component of incident electric field

ES,.an = Tangential component of scattered electric field

AMP solves equation (1-9) numerically by converting it into
matrix form. This is accomplished by expanding the unknown curreats,
I, in terms of a set of basis functions, I,, and taking the inner
product of both sides of equation (1-9) with a set of weighting
functions wy. A general discussion on this method of solution can be
found in reference (3).

Equation (1-11) is obtained by expressing equation (1-9) in
operational format, where the operator Lop denotes the integral and
"<A,B>" denotes the inner product of quantities A and B.

N
3 Aq <wg, Lop Ip> = <wp, el> (1-11)
n N

where I 'ZAn Ia
n

Equation (1~11) must be true for each wy, and thus may be written
in matrix form as expressed in equation (1-12).

r<wl, Lop 11> <wyp, Lop I2> .e..up, Lop Int TAI r(wl, !I£I>-
<wy, LRP 11> <wg, LRP 127 «...Swg, LOP. 1,> Ao (wz,'E >

L]
”" 11} " n = "
11 " " ” "

" " " . " 0"
[<wy, Lop 112> Wy, Lop I ceseSuy, Lop I AN Kwy, EI>J

(1-12)




Since EI, I, and wy are known, by matrix inversion the values of

Ap can be calculated.
Specifically, AMP uses sine and cosine functions as basis
functions and employs a method of collocation, or point matching, by

choosing the weighting functions as § functionms.

THEORY APPLIED TO A.O. ARRAY

To apply the techniques of AMP and pattern multiplication to the
A.0. heating array, the array's physical characteristics must be
known.* The HF antenna consists of a 4x8 array of radiating elements.
This array is oriented as shown in figure (1-2). Each of the elements
in the array is constructed in the shape of an inverted pyramid with
four sides. The faces of the pyramid are at an angle of 450 with the
ground and contain two nonplanar log-periodic antennas (NLPA). Ome
NLPA is contained in the north and south faces, and the other is
contained in the east and west faces. A sketch of an array element is
shown in figure (1-3). Note that the elements in the south and west
faces have been rotated 1809 about the corresponding face's NLPA
elements feed lines. A diagram looking down at the top elements of
the pyramid is shown in figure (1-4).

Both NLPAS are designed with a t of .88. The dimensions of the
array elements in the north and south faces are shown in figure (1-5).
The dimensions of the east and west faces are scaled to tl/4 of the
north and south faces. This will result in right hand circular

polarization radiation when the north and south faces are fed 180° out

*Note: See appendix III for additional information on HF antenna

geometry.




Figure 1-4 View of top elements looking down at pvramid
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11

of phase with the east and west faces. When fed in phase, left hand
circular polarization radiation will be transmitted.(4) The north and
south and the east and west faces are fed against ground by separate
transmitters. This gives the capability to adjust the phase between
different faces and thus change the radiation polarizationm.

The array element was analyzed using the AMP computer program,
Then the pattern multiplication technique was used to calculate the
total array pattern.

The array element was analyzed using AMP for frequencies of
3.17 MHz and 5.1 MHz. The data file used is listed in Appendix I
program 1. The GW and GM cards generate the antenna structure
depicted in figure (1-3) and orient it with respect to the coordinate
axis shown in figure (1-4). The GN card specified the conductivity
(.03 B/m) and relative permativity (20) of the ground below the HF
array. The actual coanductivity and permativity for the heater site
was not known, but based on the fact that maps indicate the heater
array is located on marshy ground, a conductivity and a relative
permativity for "good" earth(5) were used. As shown in the RP card,
the power gain was computed for 2.5 degree steps in "theta" and 5
degree steps in "phi."

In order to use the output of AMP in the pattern multiplication,
it was necessary to develop an elemental pattern function. Given a
"theta" and "phi", the function returns a value of the power gain ing
that direction. To accomplish this, the power gains form the AMP
output for selected constant "phi" surfaces were combined with a
linear interpolation scheme. The selected values of '"phi" are listed

in table I.




—

12

Figures (1-6) and (1-7) show the comparison of the interpolated
values (shown by X) with the AMP results (shown by *). The maximum
error is approximately one db. Figure (1-6) is a plot of power gain

as a function of "

phi" for a comstant '"theta." The power gain
decreases as the radius of the polar plot increases. The
unsymmetrical nature of the plot is due to the unsymmetrical nature of

the array element. Figure (1-7) is a plot of power gain as a function

of "theta" for a constant "phi."

3.17 MHz 5.1 MHz
Phi (deg) Phi (deg)
0 10
90 60
130 90
180 110
210 150
270 180
320 215
360 270

320

Table I. Selected Values of Phi for Interpolation Routines

The total array pattern for the A.0. array shown in figure (1-1)
was calculated by taking the product of two separate array factors.

In essence this is a pattern multiplication. The array pattern of one
array becomes the elemental pattern of the other array. Ome array is
the 4~element array on the north and south line. The other array is
an 8-element array on an east and west line.

The expansion of equation (1-7) for the 4-element and 8-element
arrays can be simplified by using trigonometric identities. These
trigonometric identities were obtained from Chebysheff polynomials, as
shown in Appendix II. The simplified equation for the antenna factors

are given in equations (1-13) and (1-14)., The 4-element array factor
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is equation (1-13), and the 8-element array factor is equation (1-14),
Figure (1-8) shows the orientation of the 4~ and 8-element arrays on
an X,Y,Z coordiate system. The Y-axis was taken to be north and the

X~axis as east.

AF] = [sin(4B(d/2) cos&)]/sin(B(d/2)cos &) (1-13)

AFy = [3in(8B8(d/2)cos&))]/sin(B(d/2)cos & 5) (I-14)

The array pattern of the 8~element array is solid of revolution
about the X-axis, and the 4-element array pattern is a solid of
revolution about the Y-axis.

Using the transformation in equation (1-15), AF| and AFj can be
transformed to spherical coordinates. The total array factor AF,
equation (1-16), is the product of AF] and AFj.

cos & = sin@sin ¢ (1-15)

cos £g = sinQcos ¢

AF = AF. x AF. = sinl48(d/2)sin@sin¢] sin[B88(d/2)sindcos¢] (1-16)
1 2 Sin [8(d/2)singsing] sin[B(d/2) sin@cosg¢)

The total array power pattern can be calculated by taking the
square of the total array factor, AF, and multiplying it by the
elemental pattern function, which is an interpolation of the AMP
results. To achieve the goal of the calculation of a directive gain
pattern, a correction factor must be determined. This factor is a
result of neglecting the constants in calculating the array factor.

The directive gain "in a given direction is defined as the ratio
of the radiation intensity in that direction to the average radiated
power."? Since the constants which were neglected in calculating AF

are also contained in the calculation of the average radiated power




g,

4-ELEMENT
L—o—-o: IK\ \(

N

¢

8-ELEMENT

Figure 1-8 Orientation of 4- and 8-element arrays
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and the directive gain is a ratio, these same constants must also be
neglected in calculation of the average radiated power. Thus the
calculation of the average radiated power becomes the correction
factor necessary to convert the array power pattern to an array
directivity pattern.

Equation (1-17) was used to calculate the average radiated power,

2mpm/ 2
Wy = S S [AF(0,$)12 x 10 (ELF(0,¢)/10) gin 0do d¢ (1-17)
0 Jo 4

ELF(0, ¢) = Elemental Power gain from interpolated AMP output

AF(0,¢) = Total Array Factor
The integration was performed numerically using Simpson integration,
equation® (1-18). The programs are given in Appendix I, programs 2
and 3.

b

S £(x)dx = (8x/3) [£(xg)+4f(x)+2£(xp)+4f(xy)+2f(xy)+... (1-18)

: +2£(x9p-2)+4£(x9,_1)+£(x9,)]

Ax = (b=-a)/(2n)

The first quardrant integration was carried out for two cases.
One case was with a '"phi" step size of 2.5 degrees; the other case was
with a '"phi" step size of 1 degree. A '"theta' step size of 1 degree
was used in both cases. No significant difference was found in the
result of the integrations. Based on this result, the step sizes
chosen for the total integral were 1 degree and 2.5 degrees for
"theta" and "phi" respectively. The correction factors determined

were 9.82 db and 8.62 db for 5.1 MHz and 3.17 MHz respectively.
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Equation (1~19) combines the total array factor AF, the elemental
pattern ELF, and the correction factor to calculate the directive gain

pattern for the A.0. heating array.

D(O,¢) = 20 log[AF(©,¢)] + ELF(O,¢) - Correction factor (1-19)

Figure (1-9) is a plot of the pattern in the "phi" equal zero
plane (north-south plane). The "x's'" are experimentally measured
values.” The values were measured from a Boeing 707 aircraft at 2900
ft (8.84 km). The plane was flown over the A.0Q. array on a
north-south line, while the heater was operating at 5.1 MHz. The plot
shows that the array pattern obtained by the combination of pattern
multiplication and numerical techniques is a good approximation of the
A.0. array pattern.

Figures (1-10) and (1-11) are plots of the directivity pattern of
the A.0. heater array for 3.17 MHz and 5.1 MHz respectively. Each
plot is the variation of the directive gain with "theta" in a counstant
"phi" plane. "Phi" is varied in 5 degree steps from O degrees to 180
degrees. Two additional '"phi'" plane patterns have been plotted in
figures (1-12) and (1-13), These two figures are the directivity
patterns in the "phi" equal 121.5° and 146° planes respectively.

These patterns are in planes corresponding to the direction of los
Canos and the A.0., respectively. The programs used to make the
directivity patterns are given in Appendix I, programs 4 and 5 for

3.17 MHz and 5.1 MHz respectively.
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Figure 1-10 Directive gain pattern for Arecibo Observatory
HF heating array. Frequency = 3.17 MHz.
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Figure 1-11

Directive gain pattern for Arecibo Observatory

HF heating array.
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Frequency = 5.1 MHz.
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Grating lobes (lobes which have the same inteusity as the main
beam?) in the antenna factor will occur when both the numerator and
denominator of both terms of equation (1-15) are zero. This will
occur when equation (1-20) is satisfied.

8(d/2) sin@sin¢ =0 or 7
(1-20)
B(d/2) sin®cos¢ =0 or =

For the A.0. array Bd/2 is equal to 2.82 and 4.54 for 3.17 and
5.1 MHz respectively. Since sin@® sin¢ and sin® cos¢ are never larger
than 1, the 3.17 MHz pattern does not and should not have grating
lobes. However, grating lobes will be present in the 5.1 MHz pattern ‘
because 4.54 is larger than T.

These grating lobes will occur for the angles given in table II.
As can be seen in the plots of figure (1-11) major lobes do occur at
these angles. They are attenuated when they are multiplied by the

elemental pattern during the calculations of the total array pattera.

9(deg) $(deg)
43.8 0
43.8 90
43.8 180
43.8 270
78.1 45
78.1 135
78.1 225
78.1 315

Table II. Location of Grating Lobes in 5.1 MHz pattern

ELF/VLF ARRAY MODEL
Having established a directive gain pattern, it remains to relate
the pattern to the heating of the ionosphere. Richardson® has shown {

that the largest change in conductivity caused by the heating occurs i
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at approximately a 70 km altitude. As a zero order approximation, the
heating pattern can be projected on a plane located at a 70 km
altitude. The location and relative intensity of the major heated

regions can be found. By placing elementary dipoles with the same

relative amplitude of current at the respective heated regions, a
field intensity at a receiving site on the ground can be calculated.

A correction factor is needed to project the pattern onto a 70 km
altitude plane. The pattern shows the relative distribution of the
power on a sphercial surface of radius "R." Since the distance to a
plane increases when ''theta" is greater than zero, the power density
on the plane will decrease from that indicated by the pattern. The
power is being spread over a larger spherical surface as "R" is
increased. The projection of the pattern on a plane surface requires
multiplying the pattern by an attenuation factor of cos2@. This
attenuation is plotted as a function of '"theta" in figure (1-14).

Programs 6 and 7 in Appendix I were used to compute a pattern on
a square section of a plane (122 km north and south by 122 km east and
west of the main beam) at a 70 km altitude. The data were then
plotted using Statistical Analysis System (SAs).(9,10) Figures (1-15)
and (1-16) show the relative power demnsity on a 70 km altitude plane
for 3.17 MHz and 5.1 MHz respectively. Only levels above that of an

isotropic radiator (0 db) were plotted.

The 122 km dimension of the plotted data corresponds to an angle
of "theta" equal to 60.2 degrees. The major lobes created by the
antenna factor grating lobes at 78.1 degrees are not seen in figure
(1-16). These lobes are for the most part attenuated to the zero

reference level by the long propagation path. Table III gives the
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location and relative power density of these lobes on the 70 km
altitude plane.

Data on the lobes shown in figures (1-15) and (1~16) are given in
tables IV and V. The current was assumed to be proportional to the
square root of the power density. To find the average current per
unit length for each lobe, the current was integrated over the area of
the plane disturbed by the lobe und divided by the length of the
region. The current distribution on the plane was approximated using
a pyramid with a quadrilateral as a base. The length and width of the
heated region are the diagonals of the quadrilateral base; the peak
current is the altitude. The volume of the pyramid is equal to one
third of the arex of the base times the altitude.l0 The area of the
quadrilateral base is one half of the product of the diagonals times
the sine of the angle between the diagonals.11 So the formula for
calculating the average current per unit length becomes equation

(1-21).

(1/3){(1/2)a*b sin 90](Ip/a)=(1/6) bI, (1-21)

length (diagonal)
width (diagonal)
I, = peak current (altitude)

oW
N W

In this zero order approximation each of the lobes is represented
as an elementary current element source. The source has a current
equal to the average current calculated in equation (1-21), a length
equal to the length of the lobe, and is located at the x,y coordinates
of the peak power density for the lobe cn the 70 km altitude plane.
The location, length, and average current are summarized in tables IV

and V.




f:
)
|
3
{

11
Pq

Relative Ip lav
Power a b Peak Average
Location Density Length Width Current Current

% (km) y(km) (db) (km) (km) ~ (10P4/20)  (1/6 a-b-I,)a

-63 0 3.022 24 12 1.416 2.832
-30 0 10.87 22 18 3.495 7.485
0 0 24.983 40 20 17.748 59.16
30 0 10.215 22 16 3.242 8.645
62 0 1.295 15 7 1.161 1.355
0 -38 1.624 19 7 1.207 1.408
0 -25 5.875 26 9 1.967 2.951
0 -l14 11.239 32 9 3.647 5.471
0 14 11.239 32 9 3.647 5.471
0 25 5.875 26 9 1.967 2.951
0 38 1.624 16 7 1.206 1.407

Table IV. Lobe Statistics for Frequency = 3.17 MHz
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P4
Relative Ip
Power a b Peak
Location Density Length  Width Current
x(km) y(km) (db) (km) (km) (10pd/20)
-60.5 0 15.519 54 14 5.970
-34.0 0 10.141 14 14 3.214
-18.0 0] 12,205 12 10 4,076
0 0 24.113 24 12 16.056
18.0 0 11.134 12 10 3.603
33.0 0 8.306 14 10 2.530
59.0 0 11.279 43 14 3.664
0 -65 14.301 26 28 5.189
0 ~-48 5.331 15 8 1.847
0 -38 3.715 12 6 1.534
0 -30 3.586 12 5 1.511
0 =22 4.825 14 5 1.743
0 -15 6.969 16 5 2,231
0 -9 11.079 20 6 3.581
0 9 11.079 20 6 3.581
0 15 6.969 17 5 2.231
0 22 4,825 15 5 1,743
0 30 3.586 14 5 1.511
0 38 3.715 14 6 1.534
0 48 5.331 18 8 1.847
0 65 14.301 28 28 5.189
Table V. Lobe Statistics for Frequency = 5.1 MHz.

Iav

Average
Current
(1/6 a*b-1I,)/a

13.93
7.499
6.793

32.113
6.006
4.217
8.549

24.213
2.463
1.534
1.259
1.452
1.859
3.581
3.581
1.859
1.452
1.259
1.534
2.463

24.213
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The magnetic field due to a current element is given in equation5
(1-22). The source is located at the origin and along the Z' axis.
H¢' is the magnetic field intensity in the source coordinate system
X',Y',2'. Since H¢' is a vecdtor and there are a number of sources at
different locations whose fields need to be superimposed at the
observation point, it would be beneficial to translate the fields to
the observation frame of reference, X,Y,Z.

Hy' = [(1d1)/4mr']sine'e BT 8 + (1/2")] (1-22)

The source and observation coordinate systems are shown in figure
(1-17). The source is located at point 0(X0,Y0,Z0) and along the
Z'-axis, which is parallel to the X-axis in the observation point
coordinate system. The Y- and Y'-axis are also parallel and the
X'-axis is in the negative z direction. From the geometry of the
figure the relationships given in equation (1-23) can be found. In
addition, using the transformation from spherical coordinates to
Cartesian coordiantes, equationl? (1-24), the expression for the
magnetic field, equation (1-22), can be transformed to the observation

point coordinates.

X' = XP-X0

Y' = YP-YO (1-23)
z' = zZP-20

r' = (XP-X0)2+(YP-Y0)2+(zP~20)2)1/2

sine' = [(zZP-20))2+(YP-v0)2]1/2

r .

Hy = Hy' - H¢,'(x')’\’x'2+y'2
-H, = Hy' = -H¢'(y')/\/y’2+x'2 (1-24)

He = Hy' =0
The phase term e~iBT' s important when performing the

superposition of the fields from all of the sources at the observation
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0(x0yo0Z0)

172

(XP,YP,ZP)

OBSERVATION COORDINATES X,Y,Z
SOURCE COORDINATES X',Y',Z'

Figure 1-17 Relative orientation of observation and source cormrdinates




point. Small differences in the value of r' can be magnified by

causing a significant change in the term's value. Thus it would
affect the summation of the real and imaginary parts of all the
sources.

An additional term must be added to Br' to maintain the proper
relationship between the sources. This is because the HF heating
pulse must travel different path lengths to the source region. The
difference in path lengths causes a time delay between the sources,
equation (1-25). This delay can be expressed in terms of an additonal
path length AR, equation (1-26). This allows the phase term, e~igr',
in equation (1-22) to be expressed as e~JB(r'+2R) By combining the
phase delay, equations (1-23) and (1-24) info equation (1-22), an
expression for the magnetic field intensity at the point of
observation and in terms of the observation point coordinate system

can be found, equation (1-27).

Time delay = (202+Y02+x02)1/2-70
c (1-25)

Phase delay =  (202+Y02+x02)1/2-70 = (2n/1)[(202+Y02+x02)1/2-70]

C
= BAR (1-26)
= __ 1d1((2P-20)2+(yYP-y02)1/2 e-iBL(XP-X0)2+(¥P-Y0)2 +
4nl(xP-x0)Z+(YP~-Y0)Z+(zP-20 )t/ <
(ZP-ZO)Z)I/2 + (zp? +Y02+X02)1/2-70] (XP-X0) ay
(XP-X0)<+(YP-Y0)<)1/ ¢ "+

(YP-Y0) a,| X |iB+ 1
((xP-X0)2+(YP-v0)2)1/2 [ (XP-X0)Z+(YP-Y0)<+(2P-20)%) 172

(1-27)
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Programs 8 and 9 Appendix I were written to calculate the
strength of the magnetic field at an observation point due to the two
source patterns of figures (1-15) and (1-16). For each of the two
cases a current element was placed at the location of the lobes, and a
total magnetic field was calculated at an observation point
corresponding to Los Canos. The calculations were carried out for the

frequencies listed in table VI. These frequencies correspond to the

frequencies used during the ELF/VLF experiments conducted in Puerto
Rico. Figure (1-18) shows the result of the calculation. It is a

plot of relative magnetic field strength as a function of frequency.

Frequency Frequency
(kHz) (kHz)
.479386 2.5

1.0 2.793296

1.25 3.144654

1.506024 3.448276

2.0 4.0

2.293578 4.464286
5.0

Table VI. Experimental Frequencies

In order to determine the effect of the lobes on the value of the
magnetic field at the observation point, a calculation was done with
only the main lobe acting as the source. The plot of the relative
field strength as a function of frequency is given in figure (1-19).

A comparison of figures (1~18) and (1-19) shows that the lobes have a
significant effect on determining the frequency response of the
ELF/VLF radiating source. The location of the relative maximums and
minimums in both 5.1 MHz and 3.17 MHz generated ELF/VLF response have
shifted in frequency. A significant reduction in the field strength

occurs between 2.5 to 4.5 kHz for the 5.1 MHz generated Y component.
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In addition to computing the relative field strengths for the
test frequencies, a calculation was made in 100 Hz frequency steps
from from 500 Hz to 5 kHz. The result is plotted in figure (1-20).
As can readily be seen from the figure, two deep minimums occur for
the 5.1 MHz generated ELF/VLF. One occurs between 600 Hz and 700 Hz,
and the other occurs between 3400 Hz and 3600 Hz. The 3.17 MHz
generated ELF/VLF has only one deep minimum, which is located between
700 Hz and 900 Hz.

A calculation was made for an alternate receiving site. This
site is located at Salinas, Puerto Rico, 17.98° N and 66.30° W
geographic latitude and longitude respectively. The frequency
response results for the two HF heating patterns are shown in figure
(1-21). Comparison of figures (1-20) and (1-21) shows the changes in
the response due to the different propagation paths. The first
striking difference is the disappearance of the null in between 3 and
4 KHz in the 5.1 MHz pattern generated VLF. Second, the relative
maximums and minimums for the Salinas location have been shifted to a
lower frequency. In general, the relative field strengths are lower

for the Salinas site due to the increase in propagation distance.

CONCLUS ION
This completes the description of the zero order approximation.
In summary, a pattern for the Arecibo Observatory has been calculated
using the technique of pattern multiplication and AMP. The calculated
pattern for the '"PHI" equal "0" plane compares with the experimentally
measured pattern. The pattern shows that there is enough power in the

side lobes and grating lobes to cause significant heating at a 70 km
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altitude. Using the HF antenna pattern, a zero order approximation of
the model for the ELF/VLF radiating system was determined. The
frequency responses of the ELF/VLF radiation system for observation
points corresponding to Los Canos and Salinas were calculated. The
calculations determined that the regions heated by the side lobes and
grating lobes have a significant effect on the strength of the

received signal.
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Program I

AMP data file
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THE DFCH MLST AFSIN wilTH CY,CE CaAkD3
G MEATED AHDAY L EMFNT AT AQICTH0 PR, FUENE 3, |70 W,

CE €E 438 FaLL TEuw 198¢
Gwoot 9 0.230 0.+300 0.0%0 0.000 %,303 0.800 Jd.0020
—6%Q0Q2 4 04300 8783 0.990 _~a Ur% ____%.38Y 0,000 0.372¢
Ge0Q3 1 J.009 4.463 3. 230 JeddV SYatra 24326 J.0022
nYQ0e 4 9.000 A.T76 v.000 a.745 [ P N1 2.920 2.002%
—22222 1 21:27% Be?78 14339 G0y Te? 39 249773 .23
© Geo06 . 04000 7.700 g.020 ~5.392 7.0 0.200 8.0029
Gwoo? © 1 0.000 7.700 0.000 0.000 .75 0.500 0.0020
_Geo08 . % 2.0Q0 8.7%5¢ 0.0Q0 8.127 8.750 9.099 0.0029 _
G¥Qd9 1 0.000 8.7%0 0.0V0 0.000 |, M 0.209 3.0020
Cwolo 3 Q.2%0 P?.900 0.000 5463 PoBua 24320 9.0020
—Guoll 1 2.3290 .98 8.330 0.399 1129 9.30¢ 3.3329
Gwot2 s 04000 114299 ¢.000 7.912 11.299 ~0.000 3.0023
Gwal3 [ 0.000 11.299 Q.000 0.000 12.8¢0 0.000 0.0029
—GuoLe ] 9.300 12849 Q000 __- "=8,991 122840 9.000 9.0023 _
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Gwote s 0.000 t4.591 0.04¢ 1g.217 18,531 g.000 2.0029
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Gwd22 s 0.000 21,412 0.000 ~18.992 21412 9.000 0.0020
Gwo23 Y 0.900 21 .812 0.000 0.000 ° 28,331 D.000 2492022
Geo2s 7 3.000 26.331 d4.000 17.037 2,331 +3+000 0.0020
Gvo2s 2 -~ 04000 2430 04000 " 0.000 27.649 0.000 0.0020
G¥Q26 8 0,090 27,649 04009 _=19.36Q_ _ 27.649 9:900 9:0023
Gwo27 F 3.000 27.649 0.000 0.000 31.420 04000 0.0029
Gwo2s 9 0.000 31.420 0.000 22.000 820 9.000 9.0020
GWQR2 2 0,009 31.429 9,290 ___ 0.000 IS 2909 3.0029
Gw039 10 8.980 38.78e 0.000 =25.000 IS.0e 0.000 0.0020
GMo00 [} 45,000 - 0.000 0.000 ,0.000 9.000 0.000
GMQ30 1 90.900 2.300 9. 98¢ 9.900 8,000 - 3.000
Gwos) s Q.300 @000 0.000 $5.778 9.090 9.000 0.0023
GuwoeZ . S.778 Q.+300 0.300 . S.77% ~teJaa 9.Q000 00022
(A DL 1 5,778 7.300 3.090 8.563 ' 9.230 3.300 3.0020
GUo6s L . 8583 0.000 . 0.000 .. 6.%63 0546 . G«000 0.0020Q.
GuQss - L\ .. 8563 [ 0.000 .. 0.000 " " 7.a58 . ‘0.00¢ [ .0.000 3.0920
U] s 7.4%8 9.300 8.000 7,458 =S.22 0.900 00,0023
[1 1-].%4 1 7.858 0.300 d.300 8075 LR ) 2.900 Q.0022
Gwo6a s a.87% 8.000 0.000 8.47% - S.934 8.000 9.002%
2 L 8,879 0.300 0.000 9831 2..330 3000 0.0029
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408t i 18.249 3.000 0.000 20.?39 9.900 0.000 9.0020
,Gw082 [ 20.739 ..  0.000 . 0,000 204739 ~18.520 9.000 3.0020
Gvoas3 ! 1204739 0.000 0.000 . ° 23.%6 “‘ €.020 . 0eQ00« " 0.0020
Guoas hd 23.566 0.000 04000 23.566 16.801 0.000 3.2020
Gwoas 2 23.506 0.300 0.000 26.779 2.330 3.000 3.0020
Gwo8s s 26,779 0.000 8.900 20,779 ~18.751 3.900 0.C220
Gwoa? 2 26.779 0,000 94300 J0.432 20033 0.000 0.0020__
Guoas 9 30.432 6.000 0.000 30.432 23.308 04000 3.9023
Gwoa9 2 30.432 0.J00 0.000 34,581 9.300 0.900 0.0020
Gw o990 10 34,581 9,000 0.000 34.581 -28.218 _ 0.000__0.0020_
GuoQ0 2 Q000 -45.300 Q.200 J«Q00 39720 Je30Q 65142
GMO3) 1 2.000 -=90.300 0. 000 0.009 92330 3320 8143
GEQO1 —
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#R000 1 3.170 9.000
£X000 901 901 00 1900 09430
€XQ30Q «3 Jot 30 1.390 <220
EX033 351 301 10 1.970 3.900
£2000 291 0% v 14009 2.300 o -
/P000 &5 72 1000 0.0 9.0 2.9% S0 T.5€ 0a
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Program II

Total Array Pattern Simpson Integration, 3.17 MHz
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77 EXEC FWChH - I
/7/SYSIN NN » 0000010
NIMENS (M A(165) —_ Lo _
T AXz0, ] T TTm T S.
axXz1,570297 . L
AY=0, e e e . 7.
T T T AYaA HA RS _' R,
A NHT MIIST AF FYFN AND GRFATFR THAN &4, NHT+1 S # (W THFTA ANGLFS, R,5
.. _NHT=Y0 . e N . T
[ NHP MIIST AF FYFN AND GRFEATFR THAN 4, NHP+1 S # I PHI ANGILFS 9.4
NHP 3144 10,
TNT=n, 11.
HT=(AX=AX) /NHT 17,
HP = (RY =AY } /NHP ' . 13,
A=aX . : 14,
T TVEaY ia.
N 100 Jx) 145 &
AlJ)=0, 17.
300 CONTTAMNF TR,
f. Nl=z# (JF ANGLFS THFTA=4. [FIRST AND LAST TWN NF SFRIFS PLIIS SFCIIND [N 10y
' N'T=NHT-3 . ' : 1R, 2
TTE T NJa€ (F ANBLFS PRI AT WHiCH TNTEGRALS [N THETA ARE EVALUATEN. . iR.5
NJzNHP 4y 1R.&
M 200 Jz1,.NJ . 19.
— CisFLlIATIOD 700,
AlJ)=a{J)+PUR(X.Y) M 21,
NN 100 1=1,N1,2 . 27,
C=FLUAT (]} 21,
XzAXsCBHT . 24,
A(J)=A(J)+6, 9PUR[X,Y) . )8,
XzAX+{C+1,)uHT . 26,
AlJ)=A{ U142, 9PWR{X,Y ) C 1.
100 CONTINMUIE - 2R,
XzAK4 (NHT—1)5HT - PR.5
AlJIIIA({I)46 2PWR (X ,Y) PR A
Xz AXeNHTHT 29,
A(J)=A{ JI+PURIX,Y) 0.
X=aX .
R YaaYsCyaHP _— _3_7_.__‘
200 CUINTINNE EEN
TT=10T+a01) ' e,
NP =NHP > i AL, 4
N enn j32 NP2 i ECa
TOT2TT+4 3A(J) an,
W JOTaT0Ten matael) a7,
400 T clINTIMOI- o ) . R : . n
IV =T et g A (NI o AN, b
IOT2THT+A(ND) . v,
ANY e H puii) ok /Y, ) - ai,
WRITE(AA00) ANS,LA{1) 121 ,040) "y,
ADO FORMAG (Y THE 10T AL INTEGRAE T8 2 8o 02 I 1o 18070 0 0t I, se X )Y 4y,
S na,
¥ N o,
_ !_IIN(_IIIIN i'ullll,!p oy
o REALDG PWR (XY 0| ’ . “e,
Pladgtanin an wt,
XX

1 FA- X/ 1) vqna
[ N R VY L B R TITI
HWHZAE M AP b b b A G Loy
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- N\ ——— -——
— X WRTTFTh, IBDT PUR TTTTRY
. 100 FHRMAT{ ! 1 ,0'Ppurk= 4 1PF10,3) nloh
RETHRN w2,
) i D-Nn T T - - et S,
FUNCTliIN AF{ THETAFHT ) LY
THETAR= (THETA/1H0,) %3, 14154 S P
PHIR=(PHI/Z180 )23 146169 LY.
AF TA=2 AP ?5h4 87,
RETAGL=z4 #RAKT A - . . e GH,
TTTTT O TRFYANIR eRETAT T T T T T ’ o qu,
STHETA=SIM{THETAR ) 6o,
SPHI=SIN(PHIR) LN
CPHI=CUS (PHIK) ~7,
[ AF Tz (SIN(AFTALRSTHFTASSPHT ) /SINIHFTASSTHFYAXSPHE L) & {SIN{HFTARCSTHE A1,
4 ATASCPHL) /SINIARTARGTHETARCEHE ) ) S ¥
TTTTTTIRUARS{THETASAT J1F. W20 SR, ARSTTHETASTHU.) LLF. .2 <R, ARS(PH  AS,
11=0,) (LFe o2 NR, ARS(PHI=IRO,)} LF, .2) GI' IN 100 ah,
GO_T0 200 AT,
1aa AFT1=4, aR
Gl T1) 300 Ky,
200 ___ART1=ARS(S HﬂFTAL‘QTHFTAlﬁﬁPN_I_)./__ﬁ_INlHFTA#GTHFTA"PH])) .10,
T 300 IR ARSI THETACOL ) 2i.Fe 0P oiil. AHGITHFE{A=THO, T oLEe 22 slR. ARSIFNT  Ti.
1=90,) LFe o2 JR, ARS(PHI=-2T0,) .LF, .2) GO T 400 17.
G T %00 73,
“4aa  AFTe=W, - 14,
' GU T aon 78,
500 AFTpsauq1<l~|uFIAnc%tHFTA-cvdLl(ﬁlN«nbtanﬂTuFIAtcvulll Toe_
“aanT ciMTimMIE - 17.
[ 600 NAAFT 1320,%,634294%ALNGIAFTL) R,
[ NRAFT2=20,% L3624 3ALIG(AFT2) 79,
[4 WRITFI6,7T00) THRETAPWTDRAFTY JNARAFTZ "0,
[ 7n0 FORMATIY ¢, ' THFETA=FA, ?-'ﬁFG PHI=! (FA,2,'0EG 4 FLEMENT=',.FT7,
L 12, NRA H FLEMENT='.E7,2,' (H') ) R,
<, AF T=2ARS{AFT) N
C TF {ARS{AFT) LT, 1.F=10) 60 TN 10 R,
[ AF =20 ,2,636296%81LNG(AFT) L
r, AF=NRAFT1+NRAFT2 RA,
AF = AF T1%AFT? b Hr,
AF=Ap sak AR
[ WRITF(6,HA0) AF,THFTA,PHI A, 2
4 Aoo FURMAT (' AF=0,1PF10,3,! THETA= ', 1PF10,3, PHI=',1PF10,3) HH
RE JIIRN LN
f, 10 - AF=-99, a0,
[ RE TIRN Q1.
. END. R 92.
FUNCTHIN FILE(THETALPHT) G,
DIMENSTUN FFR(T,37) cARHI () JATHETAIAT) 111 7,361,1207,3) a4,
e e DATA APHL 70,4 3900 o 1400 e 1RO e 210, 210 320, V00,2 AN IAZO, 2, LY TR
L R s R R I A R L T N R T T I L O O S A S A B S T N
145 4 067 8,800 082080080 10T a8 All A2, 8 AN, AT, 8,70, ,72.5,/%,,0T.5.80, 1,
LollD 0 o lh 1Y 6 4y v
DATA T2 000 3 00 4ahn e ah A A 0l A hha 8081, A N, 4,90, 4, 47,4, 4,1,
R I L I O B S IO A e R S I BN Y S S P A A S S BV DP U S SRR PTINN
RS X% P L O RS L P L R R R P L L A SN L NP I DT AR N TR P AR R I
12076,2 A 002 71 a0t et adne? s 02 N1 00 0h o2 s 1 o2 hbe o (AR 4,05, Y 0, 10,
L I R N N I B D L L I L L I T A B & I A ST I T O T E B RIS
"hvl."“'lclf'l.‘”ol-'“-ﬂ.u".'.ll.l.wn,l,ln,l_nu'..[..qh.l'uu'/.u:' Yarn,
L R I L L I I S B O N X ST VY B S A SN U PO
L L I T Y L B TS R (A K S R Oy S S S S PR
L B L L LR I A I I R R N S N N IR DU N N 7T TAPSR R SO 2
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Voo ohba=1 04,1
1alt,
T4, 99,4,

PP I

oy -

A R T N PR B P S LAY

Yemeha=d ol ly=n,

o=

Cuai, -,

AN gy f PP =y Py~

O S DA =N ), =,

“Wy -

-

L R O A

P R I

1, -

=t

o,

[HELIN

ZINMALA L INPI

1ty &

Il N S A Al I B ETIN
ll.|a.-4.9|.~).dl.-N.74.-M.u4.-«.wﬂ.-/.uu.-n.|/,-4.9n,-7./|.-n.hﬂ.- 1y,
V10,33, =0 hts g =l M2 e DN gl jqlh g~ 4 (AR = 0T =1 [, elop=M UG, =111, 1] ,,
Pomb oy =l g 10,4 =R bR =1 4,00~/ 19, ~10,47,~11, YR lc.-G BAg=9,204=1 1}13,

° 1 ou.-n.hBI:T].w7.-|/ Bl am R 1y = b =Y Ul = 1h Sk oMo Hh 12,95, =13 |1&,

1e724=0a0 g =h 8D =10 uhn =14 A0, =80 T0, =1 4,90, =14 81, =10,09, =/, 04, |14,
1=11 a0 0= 14 0202100 em 16 eH A =10 Bh =11, 15, =H,63, =18 a1, ~14,34,=-11, 116,
198 o= 1D T Jafh N 4= 17 2Ky =9 8 0=1r, TR TR PR TR TR ¥ WS PN D S W VR I
T1A,920=10, 734212 ,00e=16,06,=14,90,=1H, 01,14, 11 ,~0k 9Y,~12,2]1/ Lin,
NATA T2/=164190=19.730=18,774=19, TH =20, R~ 1A, 90, =16, 20, ~1T.%6,~1 J19,
o 1n,9d,2Tb"i|.251"leéa Wbl =20 TR = TH 1 =0, 050, 0¢0.8,0.0,0.0.0.0:0. 1200,
107 121.
Ti=1 V2.
T 300 T=1, 34 T T {73,
Ml 400 gay,7 t 26,
FRid, =T, 126,

©00 CUNTimngE ~ T T T T TC . Tttt T T 126,

ino CONTINIIE 127,
M) Sa0 1=3§,137 12R,

- I han 3z1.7 179,

IR Y TN 120,
e I )

600, T : 12277

s00  CUNYINOE 133,

e MRITFI6.2000) ((FF(lag) la1,7)sd21,37) 126,

r 2000 FUKMAT (Y 0 3TV VT (FTe2,4X),7)) 138,
Sz 13k,
™Ml 100 ls2,.4 137,

) T ©13A,
IF(aPHI(T) 5T, PHT) GO TH 1000 139,
Tiz]1+1 140,

100" ClNTIRNE 167,

1000 ) 200 J=2,16 142,
432y 142,

TT TTFTATAFTA(DY LGT. TRETA) GO T 1100 144,
Jizgtel 145,

200 CONTINUE 146,
ETED 147,
JzI3=1 14R,

1100 FRACT=(THFTA-ATHETA(J1 ) )/ (ATHFTAL J3)~ATHFTA( J11]) 169,

T T Y RACP E(PHTCAPRT (L1017 (APHT (131 =aPHT (11 1) 150,
IF (13 JFu, Ny L3z 151,

. EFI:I’RACV‘H-F(l‘_!_ll_)_-bflll.JlU_:!-_i-(_!l_ J1) _15%2.
FFR2arRACP 2L RF (LA, 0 )~FF (11,30 +FFE(T1,93) 1513,
ELF=FRACTRIFF2=FF1)+FF1 154,
FILFE=FLF/10, 188,

TTELFRI0 L RFLER 156«

[ WRITE(h/00) FLFWATHETA(I) JAIHFTAL AW SAPHT (13 )0APHT (1) I8,

e TO0  FURMATIL 2o VRLFMENTAL FACHIRS Y (kb et 10! 403K k6,20 ) sk,
RE THRM sy,

F MO 1661,

tet,
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Program III

Total Array Pattern Simpson Integratiom, 5.1 MHz
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77 EXEC FWeh™ S

/%3P SERVICFaNFFFR
77SYSIN DO * ognoln

NIMENSTUM Af{145)
AXzO,
AX=z1.,570297

AY 20, —— e e -
AYzh,.2R3 185

C NHT MIIST RF FVEN'AND GRFATFR THAM 4, NHT+1 IS # OF THETA ANGLFS,.
- NHT=90 -
r NHP MIIST RF FUFN AND GKRFATFR THAN 4, NHP+1 [S # NF PH] ANGLFS
NHP =144 '
T0T=0,
HT=z(RX-aX)/NHT
HPx(RY<AY } /NHP
X=aX
YzAY
N 300 Jy=1,165
A{J)=0, g

300 CONTINNIF '

) Ni=#.0F ANGLFS THFTA-4. (FIRST AND LAST TWN OF SERIFS PLUS SECNNN [N (NN
NIzNHT =3 .

. Nis# OF AMGLFS PHI AT WHICH INTFGRALS I[N THFTA ARF FVALIIATED,
N.JeNHP +

W 200 g1 ,Ny
CisFLIIAT ()
AlJ)=A())+Pul (XY}
My 100 1=1,81,2
csFLOATIL)
XzaAX+CeHT ‘

AlJ)sAatJ)+6 2PWR({X,Y}
XsAX+{C+1,)aHT
AlS)I=AL ) +2  2PWR([X,Y)

100 CONT INUF —_—
XaAX+ ({NHT =1 )=HT
AlJ)zAl D) 44 2PURIX,Y)

XzsaXeNHTHT
AlJ)=AlJ)+PUR{X,Y)
XzAaX

Y=zAY+Ct &R P .. - o - —
200 CONTINNF
TOT=TOIT+A(1)

NP =NHP ->

M) ann g=2 NP ,2

_TU]g!U!ta.-A(J)

40n CONTIMIF EXY
T T21T e ,2A{NHP)

T impgeANg T T ST B

ANSETHT2HT &M /9,

- WRITELA,AO0) ANS{A(T)el=1,148)

KOO FURMATCH THE Toian INTFGRAL 1S 20, 10k 15 7,100/78 ' 10LIPEIO, 30 2x) 1)
sSfOP

t NI

TRUNET TN PR,V

WALt Pl R LY

Pl=z3a 141490 no
X=X

HH (A=t 7711 yeynn
PHE 1Y ) eynn,
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PARZAF T TR T PIT TR FITARTACPHT T SSTATYTY e e

r MRLTE{A,100) PuK
[ 100 FIRMAT (! ' 1 PRt PRI L) o _ o
T ORFYORN T T T T : -
ENR

FUNCYTUN AFITHFEYABHYY
THETAR=({THETA/1H0,. 1 ®3,14189
PHIR={PHI/1HD %3, 14149

G _AFTA=2sP] C{FrCInAG/2. ARz STANCF RFTWFFN RANIATIRS,

RETA=Z4.533601 T
AFTAL=4 XAFTA
RETAHzH, *HET A
STHETAzSTN{ THETAR)
SPHI=SIN(PHiK)
EPHI=cHs(PH!K, e L L
€ T AFTa(SIN{RFTALES{HFTASPHI 1 /STN(RFTARSTHFE TASSPHI 115 (SIN(RFTARES THE
[ 1TACPHI }/SIN{RFTASSTHRETARCPHT })
IF{ ARS{THFETA=0.) L LF. .2 R, AHSITHETA=1RO,) L+, ,2 (IR, ARS(PH
t1=0.) JLF. .2 NK, AAS{PH|-1R0,.) LE, ,2) GN TN 1no
| G0} T 200 . '
100 AFY1=4, ' .
- GO' TO 300
200 AF T1=ARSISIM(RFRTAGESTHETANSPHT ) /SINIRFTANSTHETASSPH] ) )
300 IF(ARSITHETA-0,) o1.F, o2 oM, AHS{THFTA-1HO,) LF, ,2 1R, ARS(PHI

1-90,) (LF. 22 JRCTARSIPRI=2T0,) JE, (2] Gil 11400
60 TO. o0 ’
400 __aET2=H,

TR0 T k00 -
500 AFT2zARS(SINIAFTAHGSTHETAXCPHT J/SIN(RFTASSTHFTASCPHI] })
(A USE 634294 TN CINVFERYT NMATIIR AL LNG TN HASE 10 ‘

Ao CUNT I NE

[ 600 NAAFT1=20,3,434294%ALNGIAFTY )
A NAART2320,%,636294%4LN0G(ART2) —
(8 WRITF(As700) THRETABH] OHAFRT W DHARTZ
. Too FURMAT (Y ¢ 1 THETAS o FA2INFR | PRI, FA 2, '0F; & FLEMENT =1 ,r7,
~—L 12, DA 8 FLEMEN]=',F7,2,' NA')
G AF TARS(AFRT)
f IF (ARSIAFT) LT, t.F=10) GO TN 10
.6 AF=20,%,6362946201 103 (AFT)
o AF=DRAFT1+DRAFT?

AF =AFT1%aFT?
AF=aFwak

RF TIIRN
[ 10 AFz=49
. RETUKN R L
FND “‘ ‘
FUNCTION ELF(THR 1A BHT) SRS

p—— L3 LU O N A R T N N Y R R N I N R N SN R ) T IR I S B [ R IR

ATA APV 780 g ol e o 10 e 10 o 100 L o 10 g g 10 o o T g 4t o A7 a /o AL LA/
R R R I O P B N L L B L e L TR U B S N Y R
[ R PR L R B T PP L LR R P N PRARAS: Y L3, U 1 AP T | PR e A
Vool T oD albin,g o808 b g g T o4y g1 e/

(T N I R T SR O A S B T 2 W TN 2 S S TN S T O U T S S A
[ L I I TR IO L I o I I T Ry B DY X ITTY R P R T TN ARSI
R B I N I B A IO Y I L S T KA D X S T DU ST I SR B PE A
L T Y T S A S S NP B S T TR PY T IR O

Y Y N S T T S T B LY S

Tadhalethy gl a Wy 4a tydann, LR U B L I I I I L L LY S WL I T Y A I

B R B B P B N P I I L B S LI B S ¥ PO Y S PO T TR PR R
L I R T T L N L O O O I L N 2 L A L T SO IO ot
R T I B R L T P 2 B & T A TP I O R S T A S LA A |

[T -

e - ORI DT
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1.'«\.|.m.;..-2.17.-1.0-:.-»;‘45:21‘.:::?7731.”.91.1.1?‘7—1?14,-1‘.%7‘-1.4 T
lh--z.iﬂ..‘a‘i..l.b.l.m.-4./‘?.-«.‘3%.-4.1.7.o%.1n.n.lﬁ.-.ul...77.—‘:.hc.-
!_5_;91_'_:_5_.52._-5._1_1L:-7_7_'_7_.5'7..2'4,-].0.—7_,0{3,:h.d?.—‘a.|7.:.'IH.-|.II-I‘H
—l.-.9?.-54'.ﬁl-~'4.|9.—ﬂ.IV.-t-.u..—l.lt..—l.I4.-.I¢».-|u,y;,-u,m,-u,/uu
I.-7.hi.-l.5"--?.l‘\.-l.U«.-l?,(l'\,-ln.ﬂ\.-\\.U‘.~\0.ﬂI.~?.nl|.~/.)‘l.-\
IS P04 X T4 B PUL TS B PR Pt AR R R T T R L P T Y B C Y S DY
- 1.H700.-'|?.'E'I.-'a.1.-:..1/.'.-:.75.-m.n.-w.ss,-m,u,-u,:.n,-z,m.,-~
l.nlo.-x.m.-m.w.-lw.nh.-l'l.az.-lh.w.-a.4?.-5.7b,—4.5w.-15.54.-H
.._--_!.L3?~:L!-J_‘L:!E’:.!h:;“_e",“'-f*-’*v‘."‘_-‘?z""-“!L',l‘,-?‘u.:l."-"“r-l“'-"o-“-
|N600ﬂfl.-l.?h.-f‘.n“.-lA.IH.-l'l.7‘l,-|I.N.-l‘I.l-(-.-l-.NI.-N.Ul.*h.‘!Ic-l
H.IN.—M.M.-\/.m.—l‘l.s.-l.u«.-u.wl..—l.nl.-u,m.-m.ll,-‘lI./.—w
16330,-9,30 =Y ,948 ,~H KT/
NATA T?/-u..?l.-\‘a.A%.Tiﬁi‘a.-w.su.:ﬁfuﬁ.-\a.zz.-nﬁ’.’iT;:—l's.‘s?.ii"
lT‘.‘!S.-I‘).fW--?O.T?o-I’4.‘5?.'l1.13.-12.22’.—!9.!?.-21.l‘J.-ZI."ﬂ.-?A.I
l7v—l".01~~l7-0"\3-lh.?1'7’10.01‘ . .
T MATA A AL AR AT, A A 1.A68,3.7 AR AR T R TSR L VAVTLAT IR
M.?.vnnn.z.‘i?.%.15.1.1.4.2.97'%.?7.2.75.%.(17.2.52.2.3«\.2.75,;.%&»01\
1.1.96.2.?a,|.64.1.n9.|.?9.1.1.‘4..02.1.05.0.%2.0.56..1(\..“3.~.3m—.-v
15.-.}1«.-1.|R.~1.H.-1.A§7;T‘.§a.-e.%.—2.45.—a.zn.-a.ns.—«.ns.-zﬁn
|.M,na.-a.zh.-s.h|.-5‘.nﬂ.—h.ﬂ.-fx.us.-7.o‘a.-h.7n.-7.7h.-7.h«.—H.Mi
:.tn.fw.-v.m.-9.89.-v.56.—||.H.-m.ﬂ.ﬂi.n.-l1.60.-15.66.-11.7«
T=PBI5300, 5110000007 - -
IRE D]
TRt PHT 1T, 10,) PHT2PH] + 380,
Nl 300 T=1,.33 . ]
M 400 g=y b4
EF(a.11aT1(uel)
400 CONT TR
FF(S.0112T3¢1,1)
M) «H0 3=8,7
EFldst TIaT1(J. 1)
450 CUNT [ My g
EF(9.1)1=T(2, 1) -
‘300 CUNT TnOIF - -
N Soo 1=236,37
N &o0 =3y .4
IT2-33
EF{ael)aT2(y,.1T)
ADO CONTINNE i .
EF(S, Ti=T311. 11 - I
M) 6%0 y=5,7
EF (1,1 i=T20g,1T)
556 CANYTAE
EF(9,.1)aT3(2,1)
500 CUNTINIE ..
[ 'uklu-(6';5666&'5"1(Fi-(l.JT.’i=i.J).J=|.4/“7"-\“ Tt -
[ 2000 FURMATE CoaT(0 90117, , 400,72 1)
RN
mfaa 1$E e o DT T T e e
13al
_____ TFLaPHLOY 6T vty 6 1 1ooo :
Tizigey —— T
100 cINT TN
toog 1l 2n0 [P I TN
) ey 77T )
THEAVI A stbe 1 AT G L ) Loo
. CoM=ar ey
200 (AR RN}
14 0

AENETY]
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T YN T RRACTE U TR TATATAFTATITI I Z (ATHRTRT DT =ATAFTATITTE

TE 1y J+0, 13) WRITF(AHOD) PHT

FRACP=(PUL=-aPtL{ L)) 7iAaPRYET A =AMHI Y L)) CL
NFeTA LR o0 Lea=a T '
FRYzPRACPa(RE (] 3,01 )=FF (11 I+FriTt 0l
EF2=FRACPE{FF(II,03)~EF (11 vJRA))+FF(T14J3)

FLF=FRACTa(FF2-FF1 ) +FF1

ELEE=FIF/Y0,

FLFEzt 0 20XFI_FF . i
T T WRITFTALTO0) FLEVATRAFTATI I JATHETATIUNJAPHT( T3V, aPHE LT )
f Ton FIIKMAT{! Y, VFIL FMENTAI, FACTNR=! ,EFA 2,0 NIHE G(IXFAP) )
uoo' FORMAT(' ',F)0,3," PHT NNDT I8N RANGE 10 DFEG TN 370 DFLY)

RE THRN
FND
. »/'_/_l):.'fl._lNPIlT nn = e

h o N
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Program IV

3.17MHz

Directive Gain Pattern Calculation and Plotting,




1008

VISHMA ) §

MR RN R A Y T N LN

778CR EXFC POLMzTFrFRR & 7.
Z/7SCR NN NISP =M DG NELFTIF) Juiu_=REFzvIW 001, 2.
7/ DSNaMEN,11HLL90 ,kJC KL NT O enY LTI
/7 EXEC FXCU Se
s78JP SERVICF=NFFFR e
/8 1P Fll ) skiv¥s 7.
77SYSIN Dh = N
CUMMUM /ALNCK Y /XVAIL{1R1 ) YVALIT1RT ), FYACH(4) , [ XACIHLR) 9.
[ & CHARACTFRS PER JNTFGFR [N INTEGER ARKAYS, SEF BLACK DATA SUHPRIG 104
NIMENSTUN ATHA(T1)1.ANRIGT TsCHECKIS T, CHFRP (9]} T,
CHECKk L1 ) =0, ' 17,
CHECK (21=32,8% ta,
CHECK {3) =5k, Vo,
CHECK (&4 )=HT .8 15,
CHECk {5)=90, 16,
CHEKP {1 )=90, 1 Te
CHEKP(2)=210, 1R,
CHFKP (21290, ' 19.
CHExX¥P(6}=13n, 70,
CHEKP (5)1=26n, 2t.
N0 400 J=11419 ! 22,
JINC=1 213.
. N 1003 T=1,1H1 24,
XVar(li=n, 75,
1003 YVaL(l)=o, P 26,
Ji=J- . \. 7.
. PHIaFLDAT(J1)&5,04+490, 8.
T PHIZCHERP () 79.
PHIL =2PH] -90, an,
nd soo [=1,91 .
ATHa(TY=z0, 2.
. ADAR(T)=n, 33,
500 CONTINIIF ! a4,
M 2000 .J2=1,2 25
THETA=O, 2K,
™M} 100 [=1,91 17,
[ THETA=CHFCK( 1) . . TRy
f FIND TOTAL FIFLND, R.62 [S FACTAR TNy NNRMALIZE TN GAIN NVER [SNOTRNPIC 29,
NASAF (THETAHPHL)4FLF (THETAHI =R K2 “,
ATHA( )Y =THFTA RIS
ADR( [ ) =R . “),
THETASTHETAS |, 43,
100 CONT INIF "G
WRETE(H,200) (ATHA{T ) sBHT ADATT Y (1=1,91) ' 4y,
200 __f:f_li_lMAT(' '.‘HFh.?o|X'Fh.2-l_x_.F_ﬂ__._'4._?_x)_) . Lb.
WR{TE(h,300) - Wi,
200 FURMAT(' 1} Yo th,
NLEX A . n,
T T T UNTNDSNTIT R T Trme : - T Wir,
M) 1001 Ist,9 N,
- e VAL L AN L) e B
YvaL{abyzamit) N,
LN W] R4,
tant cnrlaay Bty
T OTHRTOING TR0 iThe - o LY
Pl sy 0 Wi,
Pt e, anng) P =end - o, o,
Janon T cOnNTlane ™ 777 7T by
L N A NN TR N A R VY VI B R A VY YR I S B I T TIN I i,

ol
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TFT nT. TTT CICC MY TPLTTIR R, 0n,, 00, .~ 30, 10, IRT T %7,
IF(y LGT, 11) 6N " 2in0 A3,

CALL ANTPLT 1B A ,=90,490,,-20,,30,,1R1) e,
T 3100 Y=&.5AH Troorrmm T e - T &5,
X=t ,00 ' (Y.
CalLt LFTTFR{X,Y4,15,'PHl= 1',0.0,6) b7
CALL NTIMRRR (X, Y . 1R, PHIL 004 1) ~R,
XxX4,95 K ' LA

Y34 .58 S A AP
TAL LFTTRRIX T e e 1R, NG Wi 0,00 R =0T (AR
CALL NFWPENM({R) 12,
4na CONTINUF ! 73,
CALL FINISH .. ) b,
1002  CIINTINNE . 76,
STOP : ' . 76.
FND 17,
FUNCTION AF(THFTAJPHI) 78,
THFTARz{THETA/1H4N,} 32,141 KRQ 9.
PHTR= (PHT /10,153 ,14159 } j no,
AETa=2 ,R226K4 , ' . ' . [ Ry,
AETAL=24  *RFT A A2,
AF TAH=2R ,oRFTA LXMW
STHE TA=SIN(THFTAR) Ré&,
SPHI=SIN(PHIR) RS,
CPHTsCUS(PHIR] K Héo
f. ArT-(ﬂlN(aFTAA‘=YH=TAtspHI|/<!~(HETAt§rHFTA-sanll)-(slN(aETAn-ers AT,
[ 1TABCPHT ) /SINIAETAUSTHETASCPH] ) ) AR,
TAFC ARST{TRETA~0.) <iLFe 22 .M. ARSITHETA=TRO.] WLF. .2 .UR. ARS{PH 29,
11=0,) LF. 2 JR, AASIPHI=-1R0,) LF., ,2) GD INn 100 90,
60 1Y 200 91.
100 AFT1s34, . 0 ' ) . 92,
' GO TU 300 ' ’ . 91,
200 AFT1=ARS(SIN(AFTALSSTHFETASSPHII/SIN(RFTARSTHETARSPHI }) 94,
300 IF ARSI THFTA=0.) oJLFe o2 R, AAS({THFTA-1HO,) ,LF, ,2 .OR, ARS(PHIl 48,
1-90.) JLF. .2 R, ARSIPHI~270,) LF, .2} GO TN «00 96,
GI) 1O Sonn 97.
&L00 AFT2:=4, K ] : 9A,
60 10 son ) 99,
_So00 AFT?=AHﬂ|slN1nFTAH-sTHFYAncpul)/qlnlnETA-sTuFTAcchI)) . 100,
AOO NRAFTI=70,3.6436296%a1GIART L] PN,
NARAFT2=20,% 6434294 %ALNGIAFT2) 107,
[ WRITF{A,700) THETALPHI JAFTI ,AFT2 102,
To00 FORMAT(S ¢ [ TTHRTAZ! ,Fh .2, NFG PHI =Y, Fb6,2,'NFG & ELEMENT=1,FT7, 104,
1240 8 FLFMENT= FT. 2," ') : 1L0s,
L AFI=APS| aFT) e e e vo e Ay e o+ o e e dOs,
[ 1P {ANSTAFTY T, tob=10) G 1 1o -, R 1ar,
[ AF220,%,434294 AL NG (AET ) o VOR,
Ak:hnnFTl.nuAFt? 1w,
- Wi TURN T T 11,
f 1)) AFz=Y9, 1.
e RETNRN e et e e 1o,
FND- Ha,
FUNCTIUM FLEITHRTA,I"IT) 1ha,
o n[pj!_q"_ylm_l_ul_.ql),Amcl(u)./\l'u VAL SOV sy b2, %) 1%,
NATA A”HI/O..‘)()..IA(I.'Illn.qfnl.,.l"lﬂ,,l'n,,\l‘(} ravy il ll\/(\.,,,‘a Yael 114,
Pehredngod, R R T A I A P O N L B S I AL N TS IR IR
__‘__”l““',h’.".‘\f‘),.f_l,{."\"»\.v"I.'\.(‘”.,!-r‘.‘!,l-'u.,!-l,‘\.I(l,,lc‘_‘-,l'\,.II.‘-.HH_ 1100,
f I iGN, JHY 8,0, 11

L N B N 2 I T R I R L I N I A A P SRR S S L O T O A T e R
|4')'1.H|.§.‘).(.‘v‘\.(.l«l.I,.'i-,‘,,'!..i_'('i,'l.(,hl.,l.'ch

PO RPN PO U A I I 2 I I
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T ORI, T IR I B+ 3. 70,2 .0F, 2 .05, 2 .A0,72.93, 1,75, 3,25, 31677, 75, 170,
12.7642,.67,2.71903,15,3.3A42.99,2,.51,2,5R,2,41,2,4%,2,98,3,25,2,.749,2 121,
10230203202 01102e1342.7803.12, LTS PRA He2,59,2,95,7, 126,
176.1.56.1./I.|.a9.1.1a 2.00,2, 16 QG T 9H, 2.8, 154,
11 OT 070010100050 ,6001 032,201,164 ,19,,72,=,00,-,08,1,26,2.,.11, 126,
2370 3 =S m A JHO gl AR, 20, -,9Y9, - 14, -1 19471 ,29,,39,1.33,-.3 127,
16.-1.68.- B1o=1.86,-1.970-el19.90¢=,97,=2,6R,=1,12,-3.5T,-2.7015~,6 VR,
194056 4=1.03,=3,29,=1.AT =303 4=3,49,=1,22, ,09,=-2.35,-6,22,=2,75,=64 |29,
1016426 ,324-1  H31=,6¢=2,12,~5,25000,=2,860,-5,03,-5,21,-2,69,-,92,= 130,

13295 426, 3R, =3.61 9,98 smRo1 8,3, 1Ayl 6R =l ROy =Fobkl =G, 19s=badlr= 131
17 0160=3,91,4-2.074=8.731=Ho934=6,90,=7,90,-H 1 T4=4 ,68,~2,71,-6,A5,- 127,
110,33,-65,A44=H,92,-9,25,-5,49,=-3,38,-7,57,=11,73,~h,4,=-9,95,-10,.36 |13,
1e=6030 06 10, =B b8 = 13,000=T,19,=10,97=11,68¢=1,22,=64,Rb6,=9,76,=1 1324,
13¢99:=R,004=11e97,=12.61+=RelF4=5,60,-9,9h,=16 58,4 A4, =12,95,-13 |13%,
16720=9.094=H.52+=10.55¢=16.A6000,=9,.70s=1 .,90,s =&, H1,=-10,09,-T,46, ]3A,
1=11605,=14.52,=10.594=16.834=15,R5,~11,15,-R,634=11,51,-14,33,~11, 137,
154 0-15.T77 =16 .87 412,28 4-9 .81 +=12,03:-14,30,-12,60,-16,T9,-17.91,~ 138,
113.52,-10,73,-12,80,=14.664=-13,90,=1R,01,=19,11,=14,99,-12,21/ 1129,
DATA 107141, =158, 73, 15 TT 1 ~19 1R, =20 A4, ~ 16,8, =14 ,26,=-11,54,-1 140,
18, 90.-|9 §14=2%3,4,4=244414-20,7A,~1R,15,~0,0,0,0,0,0, 0 N0,0.0,0, n.o. 1ol

107} 14?2,
I|=1 ] . 163,
PO 300 [=1,34 ) - taa,
m) 400 y=1,7 ' . 1485,
EF{s.T)elila, ] .. T ] 146,
400  CONTINUF C : . ] ] ©lets
300  CONTINUF ' - : : . __14R,
™ml Son [=35,37 . 149,
. nO 600 y=1,7 . \ 180,
3 1T=1-34 : 151,
g ] EF(JeT)=T2(0.1T]) R . . 152.
. 600 CONTINHF - - B " . 1513,
§ 500  CONTIMIE - : i 154,
j [ WRITF(6,2000) ({FFR{Ted)el=147),4921,37) . 155.
& (o 2000 FURMAT(! *,37(" 3 T7(FT.2,3X),/)) 156.
1 Jia} 157,
§ n0 100 T=2,8 . ) ’ ) 158,
) 13=l , . ' : S 1se.
3 IFLAPHI(T) .GF, PHI) GN TN 1000 ! : 160,
i Ti=Ti1+1 141,
! 100 CONTINNF 162.
' 1000 NN 200 J=2,36 161,
: FEENE 166,
IF(ATHETA(J) .GT, THETA) 60O TN ttoo 145,
JizJ1+1 . - 166,
I06  c(NTINNF . A LA
(¥ SET 03 FUR LINFAR FEXTHAPOLATIONM 11T TO Wor NFGREES, 168,
1=k . 169,
Jtegi-1 : Vin, T
1100 FRACT=(THFTA-ATHETA{J1) IZ(ATHETA(IA)=ATHETA(JLYY 171,
PRACP-(PHI-APHI(l\»)/(Avulllil-Avul(lli) 172,
TF{IY FU, 8) {3z1 B N
EF12FRACPSIFFITA,01)1=FF{T1 et ) 1ekF{T1,01) ' 174,
F*?:PNA(V'(fklll,!\l~l¥(l|.IA))ODF(I|.IAI 115,
FLF=FRACTAIFFA=FF1)+FF1 T TTTTTT T T k.
(A WRITF(ALTON) FLEGATHRETACD ) GATUETAL SV APHT L] Ay amtl (1) 1717,
oo FURMATEY Vo 00 EMENTAL PACTIMR =Y g e 20 LY ol AX 80, o)) tin,
RE fuun ~ 7T 7T 10,
b M

_ ::Ihglil_!l_!llrl_t_ ARLTV AR IM g MU o PN AR YA 1, YA R gl |5y ) Imi,
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COFPON 7RCITCKT ZXVAL T IR JYVATL TTRY T, TYRCT{ <V, TXTTCIR T THD,
) DIMENSTION XYWV {3A) . YVYYT AR 1,
INTEGFRY4 YSCALF . XSCAI F 1| R&,
TETTTNUMR OF NIVISIANS DM o x axTs T T T m e e e s,
(# NUIMD = & UF DIVISINNS (I8 ¥y AX[S VRA, -
f, XMIN = vaLIlF NF x Al NRIGIN . 18T,
[# XMAX = VALDF NT X AT FND NF axX1§ 18R,
. YMIN = vaiLltF NF Y AT OnlGin : 1H9,
[ YMaX = VALIIF_NE .Y _ AT TOP (IF Y _aXLS__ e _ 90,
T WENTS = # OF POINTS T0 WF BUATRI, MUST RF LLFSS THAN 81 9.
CALL PLTTYP(4bK62,6,37) 192,
CAtL START . 193,
caLt PLUT(P,.0,0,0,3) . 194,
' CALLL PLOT{O,0¢1.0,2) . 195,
CALL PLOTI0.0,7%0,3) 196,
carLL PLUOT(0,0,H,0.2) t97.
L CALL PLUTI11.0,0.043) B 198,
© CALL PLOT{10.0,0.0.2) . 199,
caLL PLOTt1,0,0,0,1) . 200,
caL PLUT(0.0,0,0.2) : 201,
CALL NFWPEN(1) . R ¥ L T 202,
[ NEF INF nfEW nNRTGIN FOR pLNT AXTS . 201,
CALL PLUTI(2.722,1,HH,=3) 204,
CALL, FACTNR(1.0) : ' 208,
[A DRaW aXTs . o 206,
ENTRY NXTPLT(NUM,NIUMN s XMIN, XMAX 3 YMIN, YMAX (NPNTS) v . L7207,
CALL RFCT(0.0,0,047604+5,0) J0R,
[+ NDRAW TT¢ MARKS NN axIS. CST7F=nNIVISION STZF IN INMOWFS X AXIS, 209,
C NSIZE=NIVISION SIZF IN INCHFS Y AXIS ) 210,
CSI2F=7,0/FLNAT(NIIM) . . 211,
NSIZF=5,0/FLNAT (NUMN) T ] 212,
X120,0 . b . - . 213,
Y120,0 i N _ : 214,
Y?2=Y1+,08 . . 21S.
X2=X1+,08 ’ 216,
M) 400 k=1,2 R 217,
NO 200 J=1,NIM o 218,
XAASE=FLUAT(NUM=\J) &CST 2E L 219.
X=XAASE . . 220,
CALL PLUT(X,Y1.3) 221,
CALL PLOTIX,Y2,2) . 272,
200 CONTIMIE . 2213,
CALL PLUTIX1,Y1,3) 226,
CALL PLOT(X2,Y1.2) . ' 278,
NU_300 J=) NUMD - ) —_— 2264 _
YHASF=FILUAL (NUMN= ) 4DS ] 7 K .- . 2217,
CALL PLUT(X1,YHASE (3) LI P
CALL PLUOT(X2,YHASF,?) 224,
300 CONTINUOE I L
X)y=7,0 23,
Y1s5,0 e e e e 20,
R2z2X1-,08 231,
'vo2¥1-,06 2an,
L0 CONTIMIE ' )N,
r PUT SCALF (IN Y AXIS T T
r UNTTS & HINTTS 0 IV DN Y AXTe ar,
_ CUNTTISs( (YMAXCYMIND 20t DA (MMt ) . van,
YSOCAL ExAlNT(ARSIYMIMIL 5 ) 94,
THhaYmiM o e o) Y o AL oy AL e 1) sl

R ¥ V1 L TIE N S, AN N
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i ) :
N 900 T=t,1 77 . - — T
LOCsHSIZFe(l=-t1~,06 . 2613,
Xz=,6h Jub,
TFIYSCALF JGF. 0) X==.307 TTTTo48,
CAlLL |N|IMHK(X,IIU|(".1"\ YSCALEL,0,0) 246,
YSCAl_F= Y<(AIFOA|NT(HN[I\¢ q |} 247,
900 CONTTMOIE T oTTmTT TTTTTTTTTTTTTT T Lun,
XT==,5 . ¢4,
YT=1,9 . ‘2‘\0.
CALL LFTTRRIXT,YTealbelYHCN, 90, 0,1A) 5.
€ PUT SCALFS UM X aX]s ?2%2.
[ UNT T X UNETS PeR DIv M X ax]s 284,
UNITA - ((XMAX=XMIN) /FLNAT (NUIM) ) 285,
XSCALF=AINT{ARS(XMIN) & .5 ) . 256,
IF(XMIN ,LT. 0) XSCALFzXSCALF®({0-1) ?57.
4 LAREL X AX|S SCALFS FLT N
150 1T1=NIMe 7?89,
nO 700 I=st,lT1,3 260,
uyLuc=csl/Fetl=11-.125 ] 261,
{F( XSCALF LT. 0 ) HLAC=HLNC=~,15 . . 262,
CALL INHMARIIILNC, =024+ 4154XSCALF,0,0) . 263,
XSCAILFzXSCALF+AINT(IINI TX+,.5 )&3 v 266,
700 CONTIMIF - ) 265,
XT=1,0n . 266,
Y1s-,064 . 261,
CALL LFTTRRIXT,YTso15,71XHCN,0,0,32) ' J6H,
c UNJTIS = yMITs PER DIv ON_y axl]s . ) 269,
[ YLt NATaA \ . 270,
ENTRY PLIMF(INPNTS) 271,
™M) &0n lzy,NPNTS - 272.
TE(XVAL(TY LT, XMIN) XVaL(] )=XMIN - . : 213,
IF(XVALIl) 6T, XMAX) XuvAL (] )=xMax : ’ T 274,
TF{YVALID)Y LT, YMIN) YVALIT)eYMIN . 275.
TEYVaL(TY _GT. YMax) YVALI()zYMAX 216,
A0O CONT I NUIF . 217,
[ MRITF(AH 1001 IXVALLL ) yYvVAL(T}el=1,1R1) - 278,
1001  FORMAT(Y PV, 2A(H(F T2+ 2 4FT,21 477 U} 279,
X (XVALI1)=XMIN)/Z(HINTTX/CSTIF) 2R0,
Ya{YVAL{1)=YMIN)/LUINITS/NST7F) 2R) .,
CALL PLUT(X,Y,3) TN
A NPNTS = # NF PNINTS TN &F PLNTFEN K1,
N) 500 Iz2,NPNTS ’ 284,
Xz(XVAL( ) =XMTNIZ7CONTTX/CSTTFI FIE
Y (YVAL(I)=YMIN)Z{UNITS/0ST7F) 2RA,
caLt PLUTIX,.Y,2) . 2R7,
00 . cONTINIF T . T Tooum,
PLUY RICFE PAPER DaTA .

“ 2HY,
NATA XVYV/=4H ,9,-62 ,R,~8A, 29762.3,=00,2, =30, 0,=2,0,-2R,h,=25 H,-2 Dun,

IR R EN I R R I P D I T I T I S I h.n.ll.a.lu.a.ln 291,
VeBall ol 420,0240Re29.R 20 A AT ,4,00, 36, 1,3R,0,60,8,42.4,09 . 4,516/ 249,
e DVATA YUMVZT 1) 323,390 =2 3 HO UG 1y TR AL 1 AL =1 29, =) 09,2, 1 1000, 243,

|-?9.'W.-|5 A =l M g =l TU =2 HY 0 11,19, 5|.?i.||.)1._||, elle=1t.39 2ve,
.l.-ﬁ HO T S 110l o) sl ahl =12 HYe2 00 4l ghl g~ AU =1 P RO = AU, T o1 h ) 4,1 sun,
IR ER ETEA R EOPY N IR R EPYS I B2

B

AN

iy IOO? 'Ilcﬁh » c T TTTT T o e PALN AN

Xe (XVVV {1 )=XMIM)Z(UND X /0520 ) e,
YalYVVVE D) =YMIMIZ 00N 18211 700) s,

. CALL, SYMIUD (X ¥, o0 gttt o= ) i,

1000 chireg btan
L N N NI VR I B A A VAV B B B VAV N I B TR ST W S |

S CMASOAYANNANIAO AN

Aty
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—RETITRN - 0, .
END . , . 04,
ALOCK NaTa - — : 05,
CUMMIIN /01 (1CK L/ZXVAILTTHE) o YVALITRT ), TYRCI (4 ), TXHCHIR) ANk,
DATA IYRCN/VHRATY Q0FEK (L 0ATN Y, 0 () b an?.
DATA 1XAcn ¢ .0 'elTHEI','a Yy NFGY L IREESY, 1) ‘! MI.IAL, T
1/ . | ) Y,
. END . . : 20,
. //DATA.FI37F001 DN VOL=RFE2MEN,IIA4490 . KIC,LIH.D]SP=(NFW,KEFP], 2.
77 nqN=MFN;uuaaqn.KJc.uLnI.nntvnT.sPAcF=(CVL.(1.1).RLSF). 2,
77/ NCRz(RECHM=FA,LRFCL=HO,HLKSTIZE=31120) 93,
Z/DATAINPUT Dy = . 4.
: - ) - —
.t
- i - . .
' : “ - . , :n,‘ ‘ ‘ ' 4
.
s K )
, . i ey ’ .
. \ o !
4 AT ‘. . . .
|
' ! .
2. ! e m————
.

s ————— e .-
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Program V

Directive Gain Pattern Calculation and Plotting, 5.1 MHz
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. ——— — . —
//7SCR EXEC PGM=TFFHR 14 —
Z/75CR NN DISP=(NLNGNFLFTF ) JVNL=RFRzWIN_00Y, .
7/ DSN=MEN 1IHAGLY0,KICPELOT 0TI !
/77 EXFC FXCh 0

793P SFRVICF=NEFFR
/3P Fth Sk |Ps

//7SYSIN NN =
CUOMMUN /RILNCKT/XVAILTIRT ) o YVALTIRT ) G TYRCIN(4 ] ] XHCREH)
r & CHARACTFRS PFR_INTEGFR IN INTFGFR ARHAYS, SFE HLACK DATA SURPRIG

NIMENSTUN ATHA(Y1) ADA{YT ) s CHFCKIS ) ,CHFKP(4)
CHECk (1) =0,
CHECK2)=37,5

CHECK (3} =55,
CHECK({41=287,.5 : . '
CHECK({51=90. )

CHEXP [1)=90. NS
¢HEKP (P)=2T0,
CHFKP (1)=90n.

CHEXP(4) =130, ' . .
CHEKP (5 )2 260, o t
M) _40h a=1,8 '

JINC=) . . -
PN 1003 sy, 1810
XVAL (1) =0,

1003 ¥YVAL(l)=a, ) : : V
Jisy-1 . . .
PHI=FLOATtY1)%10.+90, )

Al

PHI=CHEKRF ()
PHIL=PHI =90,
M Soo 1=1,91

ATHA{ ] =0, ) 0
ApA(l)=0, . . : Lo : b -
500 CONTINUE R N . .

N 2000 421,72
THETA=0,
™M} 100 I=1,91

THETA=CHFCK {1}
FIND TOTAL FIFLD, 9.H2 IS FACTNR TN NORMALIZE TN GAIN (IVER [SOATRNOPIC
. NARAF (THETAFHPHIV+FLE{THFTA,PH]})=9,R2

ATHA(T1 )=THFTA

ADR( T )=DNAR

THF TAsTHFETA+L,

an

100 CONTINUF C
T WRITE(A,200) (ATHALT) ¢PHT JADALT ), T28,91)

200 _FURMAY(' Vo 5(FA 201X eFR 21X FRL R0 2XY) . e
WRITF(A,200) CXY
300 FURMAT(Y t)
JP =91
NENNaNHT +1 .

™M 1001 t(=1,91

XVAL{gP)=aTHa(l)®gING
YVAL({ P )zanA( L)
JP=Ps Il NG

1001  CUNTINMNE

© e e G e —— ——— e . -

TFTJINC Fil, 11 JINCa=1 - -0
Pill ePHl 41 Ha
IFIPHE 6T, 3A0,) PHIzIM] =260,
Trnae T enmilImine T 7 o
WHETE (O 100K TXVALEE) o¥YVAL (1) o) =20 101
N00A  FURMATIY 20 (0(RTa20 0 ok T2 b, 7 Y ))




P OT 1T CALC MXTPLYTTR A =30, A0, +-30,,30,,1R1
IFty 6T, 1) 6N TN 2100
cie e GALL ANTPLT 8,6, =90, ,%0,,=30,,30,, 1411}
210 Y=b HH
X=zb ,00
CALL LFTTFR(X Yea154'PH]= ' ,0,0,5)
CALL MIMRFR (X oY 4 o 15PHIL+0,0,1)
X=X+,75 .
- Yz4 54 . e
. CALL LFTTFR{X, Y, 18,'NFG,
CALL MFWPFN(13})
400 CONTIMIF
* CALL FINTSH - T
1002  CONTINUE S ] ' . .
STOP
END
FUNCTIUN AF(THETA,PHI)
THETAR=(THFTA/180,)%3,14159 -
PHIR=(PHI /TR0 %3, 14159
[ RETA=2%Pl2(F/C)u8&/2. A5aNI STANCF REIWFFN RANJATNORS,
RETA=6,.539601 '
1 AETAL=4 ,*RFTA
AFTAR=R *“AETA
. STHETAzSIN(THETAR)
SPHI xS IN(PHIK) -
CPHI=zCOS({PHIR) " . .

[y

[ AFT=(slN(nFIAAthHFIAquH[)/s[N(nFTAaslugiAaspnl))th]N(BEIAB~sTHE
[3 ITA*CPHI ) /SIN(RFTASSTHRETARCPHT ) )

[FL ARS{THFTA-0.) LF. .2 IR, ARS{THFTA=1RO.) .LF. .2 .(IR. ARS(PH
11-0,) L LF, .2 .0R. ARS(PHI-180,) ,I.E, .2) GO TA 100
60 TD 200 | ' . o
100 AFT1=6, ) . Coe e )
6O _10 3040 ) . . . . .
200 AFT1=Ans(slN(nﬁraa#%THFTAtsqu)/slulaETA:sTuFrA-svul))
300 IFLARSITHRTA=0.) LiLF. 42 JR, ARS[THETA-1H0,) LFL .2 JOR, ARS(PH]
_ 1-90,) .1LF, .2 .OK, ARS{PH]=270,) LE. .2) Gil TH 400
GO TU San : . . ) N
400 AFT2zA,
- Lo T0_bkoo
500 ‘FT?:AHS(SlN(RFTAH#STHFTA*CVHI)/SINIRFTA‘STHFTA‘CPHII)
[ USE ,634294 TN CONVERT NATHRAL LNG 10 RASF 10
400 NRAFT1=220,2,4634294%aLNG(AFT )
NRAFT2=20,%.,6434294%ALNG(AFRT2 )

A WRITF(64700) THETA,PHI JNRAFTI ,ORAFT?
C.._Too FORMAT(! '-'THFI*EJJEQJ?JJDENO_m_HﬂlziJEﬁJB;:DFG__‘&_ELFNtNIs'Lt7.
f. 12.9 Ny H FLEMENT=? 4ET7 .2, pHY) - .
T AFT=ARS({ AFT) . Yo
g IE_(ARS(AFTY 1.7, 1.F=10) GO_[N_10 B L
r. AF =20, #,434296u80 LIGIAFT } .
AF 2NRAF T1 +HAFT 2
_RETIRM e e e
[ 10 . AFz-99, i
4 RFTUHRN
END

FUNCTTON FLE(TAETA PHT) o
NIMENS N FFI".AI!.APHIlinDcAlHFIA(1II.Ill7.4*!.'?1’.hl.l4(“.ill
.___"_,.HAIA,}P“I/J”.-bﬂ..““..Iln..lun..|nu,.n|w,.»lu,,5»u..Alu./.Alno|A/u
Tao2e% 900 lenal0, 120850180017 0, o0 D R B S N O I N N o S
'-“"--hw.“-hﬁ--hI.h-"“--Hﬂ.n.nh..n/.n.nn..lw.n.nh..nl.h.ln../J.u./n

haa LD M, a2 8 0nn, i S,y




'-..'-..-.'..u--g--u--.-.ll-..;.-u-n-ul--ltmm ey

150

PATA TT7TET R A TR X T12 e 3 11,3 T4, T AR T RO . T, U0, T8 T, 3. RRVAVR. T,
166 43 B0 43,9243, 95,3,8443,40,3,66,3,80,1R1,3,92,3,97000,3,3R,13,19.
13,26 03,34,43,T4,3 ,HR,3,97,3 £1942,94,31,02.3%. 1503,66e3,R2,3,93,72.96,2

TolD ePe TAONS PeT 33 3aRbyr3aTlPodeRN, P nR 2,87 2.0he? . 0K, 1 Llly A.he3.79.7
1e3661.96.2,12,2e3963,23,3.64¢3,AR,1,99,1,52,1,764,2,07,3,03,3,24,72,

193001970108 01a3101e7002.H103,01,3,3A,1,009,,582, ,82,1,29,2,5A,2.75

1e3.10 ¢ 5R8,=,0hss2R R340 PR 4P .6Re2,914=.0h,—.11,-,32,,33,1,98,7,1%
10708 0= Thoml ol g=e99 =240 68,1 ,76,2,34,-1.51,-2,19,=-1,73,-,K7,1
1,301 03R,2,0=2,3T,=3,03¢=2,55,s=1,5A40,93,0,93,1,62,-3,34,-3,9%,-3,4

16,2033, .58004h01 21 1260424 =6,93,-6,67,-3,1H,0,15,-,06,,77,-5.h8,~
15,97 05,59 4=6,13¢=027 0=¢57 4029 ,=7.0,=7,06,=6.R2,=%,17,-,70,=1,1400
1e=a220~Hoe53 =B, 194=Re199-Ae3bs=1,14,=1,73=,Th,=10n,22,=9,30,=-9,700

Vowrl oy m1,89,=2,381=1.34,-12.08,~10.236,-11,34,-9,07,-2.06¢-2.79,+~1
14969=13,90,=11,3¢=13.10:=10.AR,=2,58,~3,85,-2,57,-15,46,-12,N8,~]4
1eBT00,-12,67,=3,1,44,36,-3.22¢=16.27,=-12,65,~16,4R,-14,40,-3.68,~5

1 oOb o= MO g o 1A 194=13.05,=17eh2,-1h,39,-6,32,-5,716,~6,59,=15,.54,-112
1632,-18 .11 =18 ,1604=5,06e=0.5:e-5,32,-16,TR,~13,54,-1R,0N6,-19,37,-5,
1RB0000,<7,2600-6.09,~16.15,-13,79,~17,A,-19,86,~0,81,-R,07,-6,91,-1

13 e /841G 15,317,061 ,-19.54=Te93,=R.9Gs~T.Bly=13,760~1b,]14=-17.7,-1Y
1.330,-9,30,-9.95,-4.,87/
NATA T2/-16.234-15e65=1R8,25¢-19,58,~11, 05.-11 22,-10.21,~15,57,-1

17,3, -19.89,-20.72.~13.52,-13,13,-12,22,-19,12,-21,19,=-23,37,-74.1
1T7¢=18,014=17.03,=-1A,23,7%0,0/
DATA T3/3,H3,3.H3,1.80,3,85,3,75,3.86,3,AR,3,R2,3,58,3.76,13,47,3,.6

18,3.3200003457 0301003606429 703,27T02,7643.0742,52:84R3402.25,72.5800
101096,2,244160601.H941.29,1 -AQ'..92;1.05.0.52.0.56..10. e03,=,3,=-,5
15 ¢=oBlym1o18,-14354=1 eB54=1.R9,=2,56,=2,65:-3,30,-3,054-6.06,-3,68

Vem@eBlheats o 3R e=~Bohls=e0Re-Radl =R RS, =T1,09,=h,(0¢=7,10¢=1,64,~0,40
1o-He69,29,01,-9.89,~9.6hs=11.33,-10,63,-13,13,-11,49,-1%,66,-13,7¢6
1,=20, 9?00.-17 N7 404400/

Ti=1 . R .
1F( PHI ,LT. 10.) PHI=PHI+3A0, ) _ o o ' .
N0 300 1=1,33 S ) . -

N0 400 J=1,4 \
EFlJel)=TrlL1) ’

400 COANTIMNE *
EF(5,T)atart.1) . R '
N 450, J=5,7 !
EFtJs1.10=T1tu,.])
450 CONTINOIF
EF(9,11aT3(2,1)
3no CONTIMIF
N0 500 T=36,.27 ; .
60D g=1,4 ' '
1721-33 o
AN A Y B - .. - T
f00 CONT IMNOIF Wy,
EF (5, 1)=TA01.1) ) '
™M) A50 Jak 47 . T Tt/
FP(J*I.I):I?(I.'I)
650 CUNTINGE -
T I RPAEY o h -
h00 CONT I M-
G MRk, 2000) Ijll(l.licl-l.").l 1edl) .
2000 TRURMATET FVAT(Y Y YIET 20N ) /1) -

Jr sy

Mt ann (=20tn

el :
THEAMI LY Jtl e LY L E1 Qo
Tr-trey




TO0
1000

CTIUINT TRTTE ]
N 200 4z 2,3A
Sz

200

[FTATHETATI) GT. THFTAT W 10 o 77— = 77—~ ~—7— =7~
Ji=J141

CONTINNF

1100

Ji=36 .
J1=J3~1
FRACT=(THFETA-ATHFTA(J1 1)/ (ATHETA(J3)-ATHETA(JL))

TF (01 JFJ, T3) WRITE(A,R00) PH]
FRACP=(PHI-aAPHI( 1)) 7(APRTI(T3)-aPHT(T1))
IF(13 ,FU, 101 [3=1

EF1=FRACP®{FF(IA JUI=FFIT1 J1))*FFI{T1,J1)
EF2=FRACPR(FF (13,03 )=FF (It JAII+EFIT11,43
FLF=FRACT®{FF2-FF1)+FF) :

2 =D

WRITF(6,700) FLFLATHFTA(J3) ATHFTA{J1) APHI (131, ,APHI(11)

1n0 FURMAT (' ' ,'FLFMFNTAL FACTOR=',FA,2,' NB',4L2X,F6,2))

FNRMAT(! ', F10n,3,! PHI NNT [N RANMGF 10 NFG TN 378 NEGY)

RETHRN
END .o
SURRGUTINE _ANTPLT [NUM,NUMD (XM IN, XMAX JYMIN YMAX NPNTS )

CUMMIIN /RILACK1/XVAI_{1A1)+YVAL{1R1 ), fRCN(&}, [ XRCO(R)
DIMENSTUN XYYV (3R ) ,YVYVV(IA)
INTFGERNG YSCALF L XSCAILF

NUM=y OF DIVvISTONS N X aXTS B K
NUMD = # UF DIvISINNS NN ¥ AXIS et S
XMIN = VALHF NF X AT DRIGIN !

D alann

XMaxX = VaLtfF OFT X AT FND (IF AX[S

YMIN = VALHF NF Y AT NUIGIN
YMAX = VALIIE NE Y AT TNP NF Y axls

NPNTS = # OF POINTS TN BF PLNTFD, MUST AE LESS THam 83
CALLL PLTTYP{4hA2,6437) ' ’
CALL START

caLL PLOT(0.040,0,13)
CALL PLUOTIN,0¢1,0.2) .
CALY PrLiT{0.0,7.,0,13)

CALL PLOT{0,.0.8.0,2) .
CALL PLOTI11.0,0,0,3) ’
caLl PLOT(10,0,0,0,2)

caLL PLT{1.0,0,041)
cALL PLOT(0.0.,0,0,2)
CALL NEWPEN{])

DEFINF NEW NRIGIN.FOR PLNOT AXiS
CALL PLOT(2.22,1.RH8,-13)
CALL FAaCTOR(1,0)

NRAW AX1S »

ENTRY NXTPLT(MIMGNIIMD G XMIN XMAX , YMIN, PMAX JNPNTS )
CALL RECT(N,0,0,0,7,0,5,0)

(A
[

DRAW TTe MARKS Nim Axla, csE7F=nIVIGINM S17F IN [NCHES X AXTS,
DGI7EanEVISION ST21 TN IMCHESY Y AXDS
ES12Fal 07ELO0AT (NIMY __
NSI7FE=hH 0 /F1I_OATINIIMND Y
X120,0

Y1=0,0

Y2=zY1+,08
X2aX1+,00
) Ao Koty

M 200 3= (NUIM
XA =b g LA {FUIM— 1) 2 1 2]
LR LUV R

‘




CALL PinT (X, Yy, ,3y~ =~ =7 o

CALl, PLUOTIX,YD2,2)

_?00___ _CUNTINGIE e I .
CALL PLOTIX1.Y1,13)
CALL PLUT(X2,Y1,2)
N _300 J=1 . AHIMD : __
YRASF=FLIAT (NIMN= 115D T F '—"
CALL PLOT(X1,YRAASE,.2)
CALL PLUOTIX2,YRASFE 2} _ o
360 T CINTINOE
X1=7,0
i Y1=5.0 .
. X2=X1=-,08
! Y2=Y1-,08
600 CUNTINIF -
[ PHT sCal.F 1IN Y axls

[ UNITS = OUNITS PFR Nnlv NN Y AXIS
INLTS= ({YMAX=YMIM)/FLAAT (NBIMND )}
YSCALF=AINTLARS{YMIN}+ 58 )

IF{YMIN LT, 0) YSCALF=YSCAILF%(0-1)

172=NUMN+

Nl 900 I=1.172

wLNC=NSI7Fx(l=-1)=~=,06

Xzm tobr

TF(YSCALF ,GF, n) X==-.307 -
CALL TNIMRR (X (IILNC o 154 YSCALF40,0)

YSCALF=YSCALF+AINT(UIINITS+.5 )

9nn - CUNTINDF
XTz=,5
YT=1,5

o CALL LFTTFRIXT YT ,415:YRCN 90, 0,16)

. PIIT SCALFS OM X aXls

[ PUT SCALFS NN X axls

& UNITX = 1INITS PFR Dlv N X AXTS

UNTTXz(({ XMAX=XMIN) /FLIAT (NLIM) )

1o

WHETELA oI Y TXvAr (hyayvar (0.1 1, 10000

[N ILRTY S BT TR I I LY Y B SRS |
Nz (XVAL (1 =Xl 20N X200 70 )

[ B I N ]

XSCAILF=AINT(AAS{XMIN]+ .8 ) 217
- TF(XMIN LT, N} XGCALF=XSCAILF®{0-1) 7TR
(A 1LAREL. X aX1§ scALFS 219
T50  1T1=NIMey i 2R0,
’ M 700 I=1.0T1,3 ORIV, T
C=CsI7Fx(i=-1)=~,125 PR2.
TF( XSCALF .1.T, 0 ) InNC=th NC-,15 PA k]
CALL TMUMRR{IILINC o= e2b ¢ o 15 o XSCALF,0,0) JHb,
x:cucFsX§cA|F+AINT(n~|va S )& RS
700 CONT INIIE I . IHe,
X1—|.(| , ) “——- - T N7
YT2=,4b ' 2 RH
Ay, [_f-_T_TEg_ __Y_v__. XM 0, 32) Ina,
T UNTTS = IINTTS BER lv TN Y AX S T TTTmTTTmTTTTT BREPTTIN
f PILOT DATA ) 24
cmem— ENTRY_PLINE(NPMYS) . : — —— 22
M) A0 =y NPNTS . PIVE}
TFOXVALTLY o1 T, XMIN) XVAL () )2xmltg pIera
TECXVAL 1) ofiTa XMAX) XUAIL{T)=xXMAK IS
TFIYVAT(T) T, YMIN) Ywar (1) =vymiIn e,
TEOYVAL (Y ohe YMAY ) YVAL (1) -vhian »yt,
A CHINT LN




B

e A g A i g 2

153
]

. Y=lYVALI 1T =YRAIRY 7 [INTTS/71& 17 E) T
CALL PLOT(X,Y,3) ! 01,

C NPNTS = 8 NF POINTS T HF PLOITFN N a0,
) Nl 500 [=2,MPNTS CemeT s - - —_— e e
X={XVAL(1)=XMIN) /11N TXY/CSL7F) . 20n

Y= (YVAL (1) =YMIM) ZLUMITS/DSEZE) o7,
CAILL PLUT{X,Y,.”} F
500 CHUNTINIIE ang,
_PLOT RICF PaPFK 1aTA 210
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Program VI
*Program to compute relative HF power above isotropic on a 70km

altitude plane. Frenquency=3.17 MHz

*note: Function subprograms AF (Theta, Phi) and ELF (Theta, Phi)

are not shown. They are the same as in program IV.
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Program VII

*Program to compute relative HF power above isotropic on a 70km

altitude plane. Frequency=5.1MHz.

*note: Function subprograms AF (Theta,Phi) and ELF (Theta, Phi)

are not shown. They are the same as those in program V.
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Program VIII
Program to compute relative magnetic field strength at
observation point for ionospheric ELF/VLF current element array.

3.17 HF pattern.
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Program IX
Program to compute relative magnetic field strength of an

observation point for an ionspheric ELF/VLF current element array.

5.1 MHz HF pattern.




162

oemn;m:—N.c:zpcr:.m—caxp:rspN_ncxp:::,n.rc:p;manN.c::»:rs.npcc;A;rr.n.(r:~_;s,..,r;n.:..n.r.;»;u:. teung ahy

4
L

1
3

1

L

v

U]
]
cH/nu/60

b

8

IIMideulntu- Nt

Tivdreddid s = 1) 40
[FYTFRTTIUEETS O B PARE FEY PR IS B

(v desetiazseb gdassidddar el

TR ETYEF AR PA VRS OTE S NN E TNV I § I |

FES VAT L EVIFEIN )

dhxa/ U0 ) ya-100 =l

Y E YA T W e

(1) g2) 1ics =0k

(AW LY SELIE P

[ETTFTTE VS N P

GidTudenlddadevaic=unyse,

tide-t.¥cin

e (dz-13002 ¢ (ar-{D LA s (2A=- LI UA) o tur- 12D LX) 0 (da-LIDOXDI LI S0 aae
"OL-u3-AVT.

1r02e WIC 2o LIDORolidaet DI Usela) uad al=y

S1E4°%1 =T (vt

(6 i*e) /7t "sddelie =0

LI T

-

(tad-tidurd s taa-tTderd e i)

[P N S

[}
Yol k=

*QUUt o=

Llcledd=
“00CLedas

IR IR

cur e (CHyTa= {005

cuvt e () o= 1)

*wGUL e () OX= A1)

AR RN E T o F I

SIINYL=t (Lt LT

[ i O )

waddNtl=d (ete 2

Jusiat o)

000Le i) add= 1) :id

vadta’l=l sutt 1)

LTENREE MY

VAN ERFER LIV FAS LRI S 8 B
VAU YR AR TOFIYRR LTSS FY4 L] R Rt Bb Y X4

IR R IR L L (Y LT A AT AT RS N YRS AR AL TN NS BT AT SR VA ZETIR S
\OQW..Q—-aﬂhos—Q-WF.-F—-1—

PRI AR TR RIS R Ry SRR YRR AT ARl ¥ AT TOATY Rl.7 AR Rl YRR TVA D DUl P
TSV VI AV AT LA LTSRN | SN JAREY Sl LY TR T E T Y |

Hl- -ﬂalhucv"b .UOF\C*Q\-°'$—500~M-.~N s-._—— .cCt-"l. '—.Plafocﬁ‘l\rsh
LR R AR
IR ST A R LT N RN M TP A PI AT RA U A ) I R P S R I S B
TR T L P T I M S TR AR YA A YA AR TIY R I 04 N SR Y P
(GE¥ a2

I Gzlaav a2 rze gz e i e W i i o S Leveadd

et s b ome
R IR

SR

3
»

[ )

s 32 iIsASS

SgiaST s
daddd=_l08L 28

1Ce ©
Ive’

ioad sdxd /e

Lad i) *L3la iU a"Cutny

LRI I NP TS RIS PRRS BIWAE: i W1 e
*talicl=at

1.

L 9 s " s 4 L

[ B P O P SN 2t Ittt an s

o

"

“on

Y




LI RS E RETR B YY)

Weee sl T td bo: 10T salib =401 7/ e

;.FC._..._.Z:”.:..C.:::C._._._,_.k;.c..s..:..C.:.L Vs MCr

LN F R N IR SN | PO Luhto b iaa=ad0m10A Q0 Lunagr L yLy. 27 T

HURY ‘Tt

dife L4

AL G yoge >°Cu

(6% ety £ en

Wea’ 9Lt 2 ¢y

LET0Ld%s =KAY 4% *uid*, =nyn 0t "y

b LAY 4fLtyiat gAY VETu ity B T VY L P NI ot “id

Al i LAY L aAY L BN Loy (UL *9) it an “ud

(LS5 W 21144 “ol

:.ci.;.:;.i?;;.;.c::.:.p.cC.:.I...:?_: THL

.:...,.e:,:..m....ﬁ.:....:.,r....._:.L R T LY B L B Y Lad “LL

LI 2 IV BTV B >° 5L

[ S (Y3

.:_:...:u:.::ﬁ.::?.::.:..:c...:i._:c. LTSI Y ) T

COLVLch o (DD L2 (D) dave (DD Hend o ginzs 2 L° st

CLI LYo (O Thwe (D) dave (10 AVD o . 5= EAY)

SLIN‘L= coe? G 6L

Ciuvw-k INd-2 U¥ki-4 (L EEE3 Y . S5t

SYRi-2 TWda-2 W11 Lutniddly NILLVIOY 22400S Wb ive g, ) LY

o . TR REE o "ol
' O G odiviina Uss T
- (035903114 L
. Gotid a%2 9408 o227 64%  *ay (RS AR'F ST RRVR O SO “Le

HADH &4 W ’1°%4°, =LduLLILIV dd4uus $PLTTHA = AONINAI A0y D Ly [PN1N “nd

SUIACAX (02 () 0ddd (LUS Y AdT 44 “n

V0L /NI 0add =4 Sd44d PR

*J0uL/d2=a 7]

‘ULl /da=dA )

T0uUE /v =az “na

. danlina)y  0of PR
oL/ tLlgre= (g1 ‘i

! “voct/7 (I ox- (1) gx “Ty
! "000L/ (DVoAa=(1)cx “iy
00cL/ 1 ye=(1) 2 )

] SudNL=l QuLg 3 sy
(LIAVO LT AY e Luh Vo LAAY) LS 0AY S%uy

(LlUveLisVelaZVend ¥ TUOS -d <" ue,

ENTHR SRR ulo Ty

(I TAVO iR LT AN “La

() dAveLdAv=gJay Sy

(SR FA T9% PRI O X "oy

Gl tevolduv=0a2y "ty

SLAN‘L=L Gtv () ‘L,

B ] "y

Tu=142y Sty

‘U-LIAY "5

L-Laae “bn

Intiiaog wont ‘hu

TIHd4ediudo=41) 1y ‘an

JIHS e d LAaD= (1) 41, can

VodiI6ni 240bULY5niZa Ubol9GhE 2 VORBLISUECIUBb L 45U 7 Lbg ASRLCILUB I AL b N2y 1y CAOUHEIS L ZLULHEILNE Ll ahc T
Z 3 v ] o { “ 5 1 t Z ]

i 3 3
Z i1 ed ‘u/ng/u0 : 1y o TN [ A R NN TN NI NN LI TIP LI T STy T




164

APPENDIX II

USE OF CHEBYSHEV'S POLYNOMIALS TO SIMPLIFY ANTENNA FACTORS

The Chebyshev's polynomials are the solution to the Chebyshev
differential equation (A-1). The solution has the form of equation

(A-2)
2
- x2)dy _ Y, n2y - A-
(1 -x )dx2 xgz +afy =0 (a-1)
With a recursive formula given in equation (a-3)(13)
Tp(x) = cos (m cos™Ix) m> 0, 1xl <1 (A-2)

Tpsl (x) = 2x Tp(x)-Tp-1(x) (A-3)

Equation (A-4) and (A-5) follow from substitution of 0 and 1 for

o in (A-2)
Tg =1 (A~4)
T] = x (A=5)

By using the recursion relationship (A-3), the following

polynomials are obtained:

To(x) = 2x2 -1

T3(x) = 4x3 - 3x

Tu(x) = 8x4 - 8x2 + 1

Ts(x) = 16x7 - 20x3 + 5x

Tg(x) = 32x6 - 48x4 + 18x2 - 1

T7(x) = 64x7 - 112x> + 56x3 - 7x

Tg(x) = 128x8 - 256x6 + 160x% - 32x2 + 1

Let "w" equal "cos~lx" then "x" is equal to "cos w."

Substitution for "x'" in equation (A-2) gives (A-6).

Tp(cos w) = cos {(m w) (A-6)
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By using equation (A~6) with the polynomials, trigonometric
identities can be found for expressing 'cos (m w)" or "sin (m w)" in

terms of "sin w" and '"cos w." For example, using "To(x)" and letting

"x" equal "cos w', equation (A-7) is obtained.
Ty(cos w) = cos (2w) =2 (cos? w) - 1 (A~7)
_Expressions for sin(m w) can be obtained by taking the derivative
of the "cos (m w)" identity. Equation (A-8) was obtained by taking
the derivative of (A-7).
sin (2w) = 2 (cos w) sin w (A-8)

To obtain the antenna factors in the form of equation (1-13) and
(1-14), equation (1-7) must be expanded. Equation (A-9) is the
expansion for the 8-element case. Let w=f8(d/2) sinf .

8-1
AF = ) cos (mBd/2 sin ) = cos(w) +
m=1,3,5...
cos (3w) + cos (5w) + cos (7w) (A-9)
Use the Chebyshev's polynomials to find trigonometric identities to

reduce (A-9) into an equation in terms of powers of cos w. These

identities are given in equation (A-10).

T} = cos w = cos w

T3 = cos 3w = 4cos3 w - 3 cos_w (A-10)
Ts5 = cos 5w = l6cosw - 20cos3w + 5cos w

T7 = cos 7w = 64cos’w - 112cosw + 56cos3w - 7cos w

Substituting (A~10) into (A~9), the expression for the antenna
factor becomes (A-11).

AF = 64cos’w - 96cosdw + 40cos-w - 4cosw (A-11)
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An identity for "cos(8w)" can be found from polynomial "Tg."” By
taking the derivative of 'cos (8w)", an identity for "sin (8w)" can be
found, (A-12).

sin 8w = 1024 cos’w sin w - 1536 cos°w sin w + 640 cos3w sin w -
64 cos w sin w = 16 sin w (64cos’w - 96 cosdw + 40 cosSw - 4cos w)
(A-12)
Equation (A-12) can be rearranged into (A-13).

sin 8w

L - = 64 cos’w - 96 cosOw + 40 cos3w - 4 cos w
16 sin w

(A-13)
Equation (A-14) can be obtained by subtituting equation (A-13)
into (A-11).

sin 8w

sin w (A-14)

1
AF = T3

This is identical with equation (1-14) for the 8-element array
antenna factor with the exception of the 1/16 constant in (A~14). The
constant can be neglected at this point, due to the fact that when the
directive gain is calculated, the AF will be normalized.

A similiar calculation can be performed to obtain the

4-element array factor, (1-13).
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APPENDIX III

REVISED ARECIBO HF ANTENNA ARRAY GEOMETRY

After completion of the work described in the main body of
this report, a preliminary copy was reviewed by the Arecibo
Observatory. At this time the Arecibo Observatory made available
additional information about the HF array. The following
differences were reported between the model used in the main text
and the actual A.0. array:

1. The T for the antenna is .774.

2. The pyramid structure is elevated five feet above
ground.

3. The feed point of each face is capacitively loaded.
This appendix presents the information provided by the A.0. and
discusses its possible effects on the work presented in the main
body of this report.

The T of the NPLA is .774. It is obtained by taking the
ratio of the lengths of two consecutive elements of a face on the
same side of the feed line. Table III-1 provides a list of the
element lengths and the length of the feed line to that element.
The even numbered elements represent the dimensions for the
scaled faces of the pyramid structure.

Figure (III-1) provides a view of the structure at the
vertex of the pyramid. It was concluded from this figure that

height of the vertex of the pyramid was 1.524 m (60 inches).
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Element Element Length Feed Line Length

Number (m) (m)
1 25.000 35.704
2 23.454 33.49
3 22.001 31.42
4 20.638 29.47
5 19.361 27.65
6 18.163 25.94
7 17.035 24,33
8 15.984 22,82
9 14.993 21.41
10 14,064 20.01
11 13.195 18.84
12 12,378 17.68
13 11.610 16.58
14 10.891 15.55
15 10.217 14.59
16 9.586 13.69
17 8.992 12.84
18 8.434 12,05
19 7.913 11,30
20 7.422 10.60
21 6.902 9.94
22 6.532 9.33
23 6.126 8.75
24 5.749 8.21
25 5.392 7.70
26 5.060 7.22
27 4.746 6.78
28 4.450 6.36
29 4.176 5.96
30 3.917 5.59

Table III-1. NPLA Element and Feed Line Lengths Provided by A.O.
Even element numbers are for the scaled faces.
T = ,77.
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Figure (III-2) shows a sketch of a feed point of one of the
faces of the pyramid. The wires detailed by "A" are ian addition
to previously used geometry. All of the conducting elements of
the antenna consist of three #l2 twisted steel wires with 10%
aluminum coating.

The additional information on the array elements was

combined into a new geometry description for AMP. Discrepancies

P o e

exist within the new informstion provided. Figure (III-1)
depicts the height of the vertex at five feet, while figure

(I11-2) shows a six~fnot height. Table III-1 and figure (III-2)

give different distances between the feed point and the bottom
element. It is unclear whether figure (III-2) represents a
scaled face or unscaled face of the pyramid and whether the
dimensions of the additional wires are also scaled between the
two sets of faces., For the new geometry description to be used
with AMP ..e following geometry was decided upon:

l. The height of the vertex is 1.524 m.

2. The lengths of all the feed lines to the elements
are all taken from table III-1 (including the length
to the bottom element).

3. Figure (III-2) was taken to be an unscaled face of a
pyramid. The 144" dimension was taken to be
correct and the other dimensions were adjusted to
correspond to table III-1,

4. All wires and dimensions from the unscaled face were
scaled by the fourth root of t (t = .774) for the
scaled face. This includes the additional wires
shown in figure (III-2).

The final AMP geometry deck incorporating these changes is

given in figure (III-3)., The computer results of the power gain

.;}
3
j
|
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Figure III-2 Capacitvely loaded feed region for one face of pyramid element in
Arecibo Observatory HF heating non-planar log-periodic array
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Figure III-3

AMP geometry deck containing structure modifications: t=.774,

capacitively loaded feed, and elevation of 1.524 m
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Figure III-3 (con.)

AMP geometry deck containi
capacitively loaded feed,

ng structure modifications: 1=.774,
and elevation of 1.524 m
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for the two cases of 3.17 MHz and 5.1 MHz are shown in figures
(III-4) and (III-5). In these figures the 'x" denotes the
results of the new modified geometry given in this appendix, and
the "+" denotes the results of the "old" geometry used in the
main body of this report. TFigure (III-4) shows the power gain as

"phi" for selected constant values of "theta."

a function of
These are the same values of ''theta'" used in figure (1-6).
Figure (III-5) is a plot of power gain as a function of "theta"

for selected values of "phi." The selected values of "phi" are

the same values of "phi" used in figure (1-7) plus additional
values corresponding to the "x" and "y'" axis (i.e., ¢ = 0°, 90°,
180°, 270°).

Examination of figures (III-4) and (ITII-5) leads to the
conclusion that the changes in geometries between the two cases
result in only a small difference in power gain for small values
of "theta" and large differences for large values of '"theta."

It is necessary to determine what effect the new geometry
will have on the results of the main body of this report. The
elemental power gain for @ < 50° is approximately equal for the
two geometries. Since a large portion of the radiated power is
contained in this region, it is expected that the directivity of
the total array would remain approximately the same. The results
shown in figures (1-10) and (1-11) should be approximately the
same for O < 50° but significant differences could occur for

@ > 50°.
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Of particular interest is the differences in directive gain
along the "x" and "y" axis. The ELF/VLF source array orginates
from the HF antenna response along these lines. Table III-2
shows the value of "theta' to the center and furthest edge of the

ELF/VLF source region (shown in figures (1-15) and (1-16)) which

is furthest from the origin.

Source Location Length Width  Center Edge
Frequency X y
3.17 MHz 63 km o 26 km  -———- 42° 47°
3.17 MHz 0 38 km -——- 7 km 29° 31°
5.1 Mhz 60 km 0 54 km - 41° 51°
5.1 MHz 0 65 km - 28 km 43° 49°

Table III-2. Value for © to the Source Regions Furthest
from Origin.

Since all the ELF/VLF sources are located in a region where
"theta" is less than 50°, it is concluded that the new geometry
will not significantly affect the zero approximation ELF/VLF
array model., The plots of relative field intensity versus
ELF/VLF frequency should remain essentially the same. The
fundamenta! conclusion of the main body of the report that the
ELF/VLF frequency response is affected by the geometry of the HF

heating antenna pattern remains intact.
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